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PREFACE 
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I HAD intended the subject of Light Railways as a means for 
exploration of foreign countries to be in the form of a paper 
for the Institute of Civil Engineers, but in putting together 
the notes I had by me of such slight experience as I had in 
their construction in Brazil, I found, although I might con- 
dense the subject, it would hardly fall within the limits of 
such a paper. At the present time I feel also that '' ex- 
ploration " is a matter of almost universal interest, and that 
there is nothing I have written on the subject of a purely 
technical character. 

It is for these reasons that I have ventured to offer my 
ideas to the general public. I claim, of course, no originality 
in the descriptions given of narrow-gauge railways, but seek 
only to bring prominently forward their suitability as an in- 
expensive and economical means by which countries already 
explored may be rapidly civilised, their known resources deve- 
loped, and become the best means by which explorations may 
be undertaken. I am also desirous that members of my pro- 
fession should take an active part in exploration expeditions 
of the future, feeling confident that this alone is wanted to 
render practical that valuable information which we derive 
year by year from the reports of those intrepid travellers 
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who lave devoted their lives for the good of mankind, the 
suppression of the slave-trade, and the advance of civilisa- 
tion. 

I have, I fear, been able to do but scant justice to a 
subject of so much importance, but the figures given of the 
cost of construction may be deemed of some value as not 
being the estimated, but the absolute cost within my own 
experience in Brazil, and the amounts stated are the actual 
amounts paid to the contractors by my own measurements 
and on my own certificates. For the illustrations given of 
narrow-gauge engines, rolling stock, &c., I am indebted to 
Messrs. Dick, Kerr & Co., Limited, of loi Leadenhall 
Street, E.G., very large manufacturers of this description of 
railway plant at Kilmarnock, N.B., and the cost of equip- 
ment of the railways is based on the prices of this firm. 

I will add only, in conclusion, that should anything I have 
written lead to the consolidation of partially explored and 
unexplored countries under British influence, and spread 
Christianity and civilisation into the remote comers of the 
earth, my object will be more than gained. 

E. R. Salwey. 
BiasTOL, October 1890. 
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CHAPTER I. 

INTRODUCTION. 

A GREAT portion of my professional career having been 
passed in the execution of public works where such railways 
as I shall describe form a prominent feature, and having 
been employed myself in their laying out and construction in 
countries to some extent remote from civilisation, and where 
the engineer is much thrown on his own and such native 
resources as he is able to obtain to carry out the work 
entrusted to his care, I have attempted to give my experience 
in this little book. My object, then, is to point out the 
advantage of constructing portable, light, and inexpensive 
narrow-gauge railways similar to such as I have laid out 
and constructed in some of the more unexplored parts of 
Brazil, not necessarily at first for the development of any 
particular commercial industry, but merely as a means, and, 
in my opinion, the best and most inexpensive means, of 
preliminary exploration. 

England has at all times stood first amongst the nations 
of the world in promoting civilisation and in developing the 
enormous resources of foreign countries for the benefit of 
those lands to which her explorers have penetrated, as well 
as for the benefit of the whole human race. To quote those 
words so aptly embodied in the Charter of the Institute of 
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Civil Engineers, she has "directed the great sources of power 
in Nature for the use and convenience of man" in many 
other countries besides her own. In this nineteenth century 
we may say in her own country she has indeed reaped a full 
harvest, but there are still many dark regions on the earth 
full of natural wealth waiting only to yield it up when those 
" sources of power in Nature " are properly directed, and as 
long as this is the case there must always be ample scope 
for English explorers and English engineers. 

The object of this small volume will be to endeavour to 
point out the advantages of travellers and engineers working 
hand in hand together. The enormous sums of money and 
the valuable lives that have been lost in the noble endeavour 
to spread Christianity, science, or commerce it would be 
difficult to recount. The results of these enterprises have 
been great, but I would venture to urge that in many cases, 
had those pioneers been able to leave behind them, in the 
remote regions they have visited at so much cost, a record of 
a practical and tangible nature, the results would have been 
still greater, and many lives nobly sacrificed might have 
been spared. I allude, of course, to the valuable aid that 
would have been afforded by the assistance of engineers to 
establish permanently, by means of such light railways as I 
shall presently describe in detail, those lines of communica- 
tion which have been discovered. 

We have, it is true, the benefit of their researches in the 
reports furnished to us of the physical features, natural capa- 
bilities, and productions of previously unknown countries; and 
such valuable and reliable information from eye-witnesses in- 
duces capitalists to call in the assistance of engineers to open 
up the country and develop the resources known to exist. 

This, however, is a slow process, and my contention is that 
engineers should lead the van rather than follow in the wake 
of explorers. To travel through a new country without 
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establishing permanent communications may be compared 
to mling a line in water. There is no trace left behind ; and 
in spite of the dangers of the expedition, in spite of the 
hardships endured and difficulties successfully overcome by 
the indomitable pluck, energy, and perseverance of the first 
party of explorers, even if they ever return to us to give an 
account of their travels, the task of revisiting that land by 
any exploration party in the future is just as difficult as if 
the route had not previously been traced. 

If we take the exploration of Equatorial Africa, such great 
names as Speke, Grant, Livingstone, Gordon, Emin Pasha, 
and Stanley at once occur to us. I need not dwell here upon 
their exploits, so well known to the whole civilised world, but 
I would suggest that the results of their efforts have been 
minimised for want of establishing, by the assistance of 
engineers, those possible lines of communication they have 
discovered. In some of these instances we have but the 
memory of these great names left to us, and I think, humanly 
speaking, it is not too much to say their lives might have 
been spared could they have been supplied with the means 
of establishing stations and communications with that civili- 
sation which step by step they left behind them as their 
explorations advanced. 

Is it too much to say that the life of General Gordon him- 
self might have been spared had the Souakim-Berber Railway 
been constructed, and that route adopted for the occupation 
of the Soudan ? 

How slowly, too, in Equatorial Africa does exploration 
progress and civilisation follow, and may not this slow rate 
of progress be attributed to the same cause ? 

Before the fifteenth century, Europeans had some general 
knowledge of the North coast of Africa, and the Nile was 
known then beyond Khartoum. 

In i486 Diaz made his famous voyage on the West coast. 
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In 1497 Vasco de Gama doubled the Cape, and about the 
year 1550 the Portuguese had acquired a fair knowledge of 
the African coast. Since that date some nine hundred 
explorers have worked their way across the face of this 
mighty continent, six hundred of whom have perished 
through disease or murder. 

Livingstone began his labours in 1840, and at that time 
the centre of Africa was practically unknown. He died there 
in 1873, ^^^ ^^ ^^^ ill those thirty-three years been able to 
map out lakes, rivers, and mountains. He was the first 
European to cross Africa from ocean to ocean, and make 
known the existence of one million square miles of country. 

Burton and Speke in 1858 traced a route along the coast 
to Zanzibar, and discovered the Victoria Nile. Speke and 
Grant were the first to sail on the Albert Nyanza, the second 
great lake of the Nile. The south watershed of the Congo 
was discovered by Cameron, and Stanley in 1874 circum- 
navigated the Victoria Nyanza and made his celebrated 
voyage down the Congo. His recent expedition undertaken 
for the relief of Emin Pasha is fresh in our memory, and his 
interesting description of the lakes, forests, and mountains 
which he traversed. 

I merely allude to these facts to show that the exploration 
of South Africa is no new thing. Attempts have been made 
extending, as we have seen, over a period of four hundred 
years, and still each new expedition that is organised has 
the same difficulties and dangers, and the same hairbreadth 
escapes from disease, murder, and famine to encounter. 

By this country alone what must have been expended in 
this period of time by these expeditions it would be difficult 
to estimate. The question therefore naturally arises, Are the 
results commensurate with the cost ? and are we not at the 
present day almost as far from carrying civilisation into the 
heart of this great continent as we were four hundred years 
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ago ? Had engineers had at their disposal but a small part of 
the money that these expeditions have cost, and expended it 
in the construction of inexpensive railways, and such bridges, 
roads, and harbour improvements as were found requisite, 
the riches of Africa would have long since flowed to our 
shores, and by this time ample trade would have been created 
in which all the civilised nations in the world would have 
participated. 

No doubt there are many instances of concessions having 
been obtained and railways having been constructed in 
advance of the requirements of trade or commerce, and in 
such cases there is a serious loss of capital involved, and here 
again, I think, a great saving could have been effected by 
laying down, in the first instance, light and inexpensive rail- 
ways sufficient for the requirements of the traflSc known to 
exist. Such lines could afterwards, at no great additional 
cost, be altered as more produce had to be carried over them. 
The formation width would then be increased, bridges and 
culverts widened, heavier rails laid down, and suitable rolling 
stock provided. All this would be done gradually, section 
after section, commencing from the base and the light per- 
manent way ; engines, trucks, and carriages as released would 
be carried to the front and relaid, to push still further into 
the interior and to develop fresh tracts of country. 

As an illustration of the loss occasioned by constructing 
heavy main trunk lines in countries where insufficient traffic 
exists to warrant the outlay, I may quote an instance in my 
own professional experience. 

Twenty-five years ago I was engaged as a young engineer 
on the railway then recently constructed between Rustchuck, 
on the Danube, and Varna, a port on the Black Sea in 
Bulgaria (then part of the Turkish empire). The length of 
this line is 140 miles, and the cost of construction and equip- 
ment no less than ;^3,ooo,ooo, or ^^"2 1,428 per mile. Although 
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the line traversed a rich, fertile, and grain-producing country, 
there was not sufficient traffic to give an adequate return for 
such an enormous expenditure. At that time there was a 
certain amount of passenger traffic from the Danube steamers 
calling at Eustchuck, whence passengers and mails were 
conveyed over the line to Varna, and from there by steamers 
crossing the Black Sea to Constantinople. As soon, however 
as the railway through Eoumelia from Belgrade to Constanti- 
nople (four hundred miles) was opened, this traffic was natur- 
ally taken by the more direct and quicker route, and the 
Varna and Eustchuck Eailway became dependent upon the 
goods traffic (chiefly grain) and such local passenger traffic 
as there was to support it. But few roads then existed in 
the country, and, in fact, the carrying capacity of this heavy 
railway was far in excess of the traffic to be conveyed, and 
could by no possibility for many . years pay any adequate 
return on so large an outlay. 

This I take as an instance where such light railways as I 
am advocating would at any rate have sufficed for many years 
to do all the work required, and could have been laid down 
and equipped for one-twentieth of the cost. The country 
was a fairly easy one from an engineering point of view — ^no 
tunnel from end to end, banks and cuttings not heavy, and 
only one viaduct of any length. 

Another railway on which I was employed in constructing 
commenced on the other side of the Danube opposite Eust- 
chuck, at a place called Giurgevo, in Wallachia, and was forty 
miles in length, connecting the Danube with the important 
city of Bucharest. Here, however, the conditions are different, 
civilisation being much farther advanced, and on the opening 
of that railway it became at once evident that the promoters 
were fully justified in the outlay, and that their expectations 
as to the results had not been of too sanguine a nature. 
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CHAPTER II. 

I DO not propose in this volume to advocate any particular 
system of light railways, but shall describe somewhat in 
detail the railways or trams we constructed in Brazil, show- 
ing the actual cost from notes taken at the time. The work 
upon which we were engaged in that country was not en- 
tirely in connection with railways. We had six large sugar 
factories to build in different parts of the province of Per- 
nambuco. Each of these factories was provided with 
machinery capable of crushing 350 tons of sugar-cane per 
day, and the trams were therefore laid down for a certain 
distance from each factory into the sugar-cane plantations 
in order to feed the mills with this quantity of cane daily 
during the crushing season. We had our sites to select, 
bricks and tiles to be made and burnt, machinery to dis- 
charge in a port without a harbour, to convey it up the 
country to the different factories, as well as to erect it, 
besides the work of laying out and constructing our tram- 
lines, and we were but a small party of engineers with 
a limit of fourteen months for the execution of all this 
work, in a tropical climate and difficult country. It was, 
however, successfully accomplished, and to my share more 
particularly fell the setting out and construction of the tram- 
lines, with which I now propose to deal. 

First, I must briefly describe the general nature of the 
country through which we had to lay our trams, in order that 
the actual cost of construction, which follows, may be better 
understood. All the sites for our factories were selected at 

6 
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various points along the existing Sao Francisco Railway, the 
farthest being at a distance of about seventy miles from Per- 
nambuco. They were connected with this railway by sidings 
of the ordinary gauge, and the sugar, when manufactured, was 
sent off by trucks to the coast for shipm ent. I propose to 
take three of these sites as a fair sample of the country : — 

(i) Gaho. — Here we had a fairly easy country to deal 
with, gently undulating or quite flat, no forests to cut 
through, and only an average amount of bridges and culverts 
to build. 

(2) Coyambuca. — ^The country here is much more difficult. 
It consists for the most part of round-topped hills, three to 
four hundred feet in height, with streams and rivers flowing at 
their base. These hills are often cleared, and cultivated with 
sugar-cane half way to the summit, the top being clothed 
with trees of tropical growth. The best line for the trams 
here is difficult to ascertain, and many trial sections and 
cross-sections must be taken before it can finally be settled. 
In many cases only one possible pass existed through the 
chain of surrounding hills, and to take a good section over 
such rocky summits without the aid of a plan of the country 
has often proved a difficult task. We were restricted to 
gradients of I in 40, but only made use of one so steep in 
rare instances in order to cross some mountain pass that we 
found after many trials could be crossed in no other way, 
except by rock cutting 10 to 20 feet deep, and this we 
avoided as much as possible. No gradient steeper than 
I in 80 was the rule, and curves of 20 chains radius. 

(3) Agua Preta. — ^The country here much resembles that 
at Ooyambuca, except that the forests to be cut through 
were more dense and the undergrowth more impenetrable. 
There was also one river of some magnitude, entailing a 
bridge of two 30-feet spans to be crossed. 

The gauge of our tram-lines was 2 feet 4 inches, and the 
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finished formation width 8 feet, in cuttings and banks. The 
lines were unfenced, but no inconvenience was found on 
that account, and no accident occurred in my experience. 

The following is a summary of the cost, so far as construc- 
tion is concerned, of the tram-lines to which I have alluded, 
and is made from the actual payments to the contractors on 
certificates made by myself : — 

Gdbo (5 1 'in tics). 

Let at 750 milreis per kilometre .... £6^^ 

Coyamhitca (6f miles). 

Earthwork, 44,013 cubic metres .... £'^(>7A 

Forming, 1020 lineal metres 44 

Quarrying stone, 568 cubic metres . . . . 198 

Building bridges, 106 „ .... 61 



£Z917 



Agua Preta (5^ miles). 

Earthwork, 26,863 cubic metres ;^2I02 

Forming, 541 lineal metres 24 

Quarrying stone, 595 cubic metres .... 207 

Building bridges, 388 „ .... 223 



;^2556 



Siimmavjj. 



Cabo . 
Coyambuca 
Agua Preta 



5 J miles 


;^685 


6J „ 


3977 


5i » 


2556 



i7i ,, ^7218 



showing an average cost of £^\2 per mile; and I think 
this may be taken as a fair average estimate in almost any 
part of the world. 
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The following is a table of prices for labour and material 
at that time (1883) obtained in Brazil, which I append for 
purposes of comparison : — 



Cost of Labour and Material in Brazil (1883). 

(The paper milreis are worth nearly 28.) 



Description. 


Rate. 


Remarks. 




Milreio. 




Labourers . 


1,100 


Per day of ten hours. 


Artificers . 


3.200 


») >» 


Earthwork 


0.900 


Per cm. (lead of 400 yards). 


Quarrying stone 


4.000 


„ (includes powder). 


Broken stone 


1.500 


„ (2-inch ring size). 


Brick-making . 


22.000 


„ without wood. 


Tile-making 


30.000 


>» )» »> 


Stone masonry . 


15.000 


„ building and quarrying. 


Platelaying 


700.000 


Per kilometre, laying and ballast. 


Getting sand 


2.300 


Per cm. with transport. 


Dressing logs 


0.050 


Per square foot, for squaring. 


Pitch pine . 


10.000 


Plank, 20' X 9" X 3". 


Native logs 


30.000 


Price of tree in forest. 


Rafters 


0.500 


Each, 20 feet long, 3 inches diam. 


Cement 


7.000 


Per barrel at port. 


Planks (rough) . 


30.000 


Per dozen, 20' x 14" x i J". 


Concrete . 


18.000 


Per cm . for labour and material. 


Forming . 


0.500 


Per l.m. under 0.40 cm. of cutting. 


Bricks 


5.000 


„ unburnt. 


>> ... 


12.000 


„ burnt. 


Wood 


4.000 


Per load, for brick-burning. 


Bullock hire 


6.000 


Per day, team of four a-nd driver. 


Brickwork . 


22.000 


Per cm., labour and material. 


Native sleepers . 


2.500 


Each, 9' X 9" X 5". 


House rent 


15.000 


Per month, small log hut. 


Clerk of works . 


100.000 


Per month, without keep. 


Servant, European . 


60.000 


„ with board and lodging. 


„ native . 


30.000 


» >» >j 


Horse keep 


25.000 


»» 


Horses 


150.000 


Each, for riding. 


Native ganger . 


75.000 


Per month (one for ten men). 


Interpreter 


100.000 


„ without keep. 


Offices 


100.000 


„ at Recife. 


Engineer . 


8000.000 


Per year, and travelling expenses. 


Fitters 


3000.000 


„ and return passage. 


Travelling . 


100.000 


Per month, average. 


Medical attendance . 


5.000 


Per visit, without medicine. 


Freights . 


16.000 


Per ton from England. 


Import duties . 




Half English value of goods. 
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Cost of Labour and Material in Brazil (1883) — continued. 



Description. 


Rate. 


Remarks. 




Milreis. 




First-class passage . 


250.000 


Each, to or from England. 


Second do. 


I 200.000 


>j )) »' 


Engine oil . 


1 4.000 


Per litre. 


Bread 








0.200 


Per loaf. 


Meat . 








0.500 


Per kilo, for beef (2 lb.). 


Wine . 








35.000 


Per cask (65 bottles). 


Beer . 








1. 000 


Per bottle. 


Chickens . 








1. 000 


Each. 


Eggs. 








0.640 


Per dozen. 


Coffee 








1. 000 


Per kilo. (2 lb.). 


Sugar 








0.400 


>5 )J 


Mutton 






, 


0.200 




Boots . 






. 


10.000 


Per pair (last 4 weeks). 


Clothes 








30.000 


.Per suit (white). 


Letters 








0.200 


Postage to England. 


Telegrams 








5.000 


Per word to England. 



I think a careful study of these prices will show that both 
labour and material are dear in Brazil, and, therefore, ;£^4I2 
a mile, which our tram-lines cost us in the three cases 
selected, is rather more than an average cost in most parts 
of the world ; especially as in these cases one-third of the 
distance was fairly easy country, while two-thirds was ex- 
ceptionally mountainous and difficult. I therefore propose 
to take £^00 a mile as a fair average cost in any part of the 
world. 

My estimate, then, for a single line of railway, 2 ft. 4 in. 
gauge, 8 feet formation width iii cuttings and banks, with 
steel rails 14 lb. to the yard, would be as follows : — 
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Estimate (per Mile). 



Earthwork, including all bridges and culverts . 


;^400 





Setting out line 


10 





22 tons of steel rails at ;^i4, freight included 


308 





2000 sleepers at 28 


100 





6oo pair fish-plates . 










20 





15 cwt. spikes . 










7 10 





Switches and crossings 










20 





Laying and ballasting 










120 





Signals .... 










5 10 





One-tenth of a station 










50 





Sidings 










14 





Turn-tables 










8 






Total cost per mile 



£1063 o o 



Equipment — Boiling Stock {per Mile), 



One-tenth of an engine 
Four railway trucks . 
One platform truck . 
Two passenger carriages 
One brake van • 
One-fifth of a trollv . 
Tools, plant, &c. 



£ao 

32 

6 

60 

30 

2 

30 



o 
o 
o 
o 
o 
o 
o 



o 
o 
o 
o 
o 
o 
o 



;lf200 O O 



Our cost per mile is therefore — 

Construction £^^Z o o 

Equipment 200 o o 



£i26z o o 



I will assume that the exploration of 100 miles is to 
be undertaken. The capital required, based upon these 
estimates, would be ;^ 126,000. Add i!" 13,000 for interest 
for two years on capital during construction, at 5 per cent. 
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per annum, and we have a total capital expenditure of 
;£^ 1 39,000, or say ;£" 140,000, for which we have 100 miles 
of a good permanent narrow-gauge railway, well furnished 
with suitable rolling stock for a considerable traffic, and with 
stations every ten miles, siding accommodation, &c. 

After two years for completion of the 100 miles, the 
following would, I think, be a fair estimate for the working 
expenses : — 



Maintenance, at ;^5 a mile . 


• 


1 




. ;f500 


Cost of ten stations (three men at each) 




1600 


Salary of traflfic manager . , 




• 600 


„ engineer . 








600 


Clerks and oflBlces 




» 




500 


Engine-drivers and stokers 




» 




350 


Fitters and repairs . 








180 


Pumping expenses . 








200 


Coal 




k 




750 


Other stores 




■ 




150 


Repairs to rolling stock . 




> 




200 


Telegraph expenses • 




> 




400 




;f6o30 


Add for contingencies .... 


470 


;f6soo 



I put, then, the annual working expenses at ;^6500. To 
meet this we should have the traffic receipts for goods and 
passengers. Omitting the latter entirely, if only 150 tons a 
day were carried over the line, at an average charge of los. 
a ton for the 100 miles, we have (taking 300 days a year) 
4S,ooo tons at los., or an annual revenue of ;^22,SOO, which, 
deducting £6^^0)0 for working expenses, leaves ;^ 16,000 net 
profit, equal to 1 1^ per cent, on a capital of ;^ 140,000. 

Our tram-lines in Brazil were fully capable of carrying 
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this quantity of sugar-cane per day to supply each factory. 
In fact, 75 two-ton trucks will take it, and these 75 trucks 
can be easily divided into one train each way ovSr the 100 
miles per day which, with easy curves and gradients, the 
little engines are quite capable of doing. The passenger 
traffic is more difficult to estimate, and must, of course, 
depend on locality and other circumstances ; but taking only 
twenty people a day to travel the whole distance, and pay 
I OS. for their fare, we get ^10 a day, or say ;^3500 a year, so 
that ^20,000 a year is a reasonable estimate for available 
income, after paying working expenses, even when the 100 
miles is first opened. 

This is, however, only the ^rst, step in the scheme I am 
advocating of exploration by means of light railways. 
Having got the first 100 miles with ten stations in working 
order, I will now suppose a second section of the same length 
to push still farther into the interior is decided on. As the 
line already established is paying its way -so well, it will not 
be difficult to extend the capital to construct the new section, 
but for this purpose we shall require only the ^400 a mile 
(^40,000) as given in our first estimate for earthwork, bridges, 
and culverts, and £igo a mile (^19,000) for laying and 
ballasting, stations, signals, &c., or in all ;^59,ooo. All the 
permanent way, rolling stock, and plant on the first section 
would be released and conveyed to the front, to be relaid and 
utilised on the new section. The traffic on the first section 
having increased beyond the carrying capacity of the light 
railway, the conversion of this into one of the ordinary type 
would simultaneously proceed by widening the formation, 
bridges, and culverts, and laying either a single or double line 
with heavy metals, as the traffic developed might seem to 
require, sufficient engine power and rolling stock being of 
course provided. 

Most of this work could gradually proceed, such as widening 



LIGHT RAILWAYS FOR EXPLORATION. 33 

of banks and cuttings, during the running of the traffic on 
the narrow-gauge system, so that, when that plant was re- 
moved to the formation prepared for it at the end of the 
section, but little interruption to the traffic would occur — 
merely the time occupied in relaying with heavier permanent 
way. Simultaneously the new section would be ready for the 
light metals and rolling stock when released, which would 
always be available for further extensions. 

At the expiration, then, of two years from the time the 
exploration is first decided on we should have this result 
— ^viz., IOC miles of railway laid down in working order, 
fully equipped, and paying 14 per cent, on the original 
capital, 5 per cent, having been already paid during construc- 
tion ; a further section of 100 miles in progress, the cost of 
which will be only ;^ 59,000 when completed ; and the original 
section ready for the wider gauge, heavy rails, and rolling 
stock. 

It will therefore be seen that, though the cost of 100 miles 
complete is ;^ 140,000, the cost of the 200 miles is under 
;^200,ooo, or ;^iooo a mile. But further capital will be 
needed, or part of the profits utilised, for relaying the first 
section with heavy metals and for providing rolling stock, &c. 

I purposely omit any estimate for conversion from narrow 
to ordinary gauge, as this would be on a scale to meet the 
requirements of ascertained traffic. The line might be single, 
or it might be double either for the whole or a portion of its 
length. The rolling stock would be more or less as the case 
required, and the same would apply to stations and siding 
accommodation. Any capital so expended would become at 
once highly productive capital, and, whether large or small, 
may be entirely omitted from our present calculations. 
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CHAPTER in. 

We have seen that for establishing these light railways in 
thorough working order and ready to earn a dividend, in any 
part of the world, I estimate the cost at ;£^iooo a mile. 
Now, looo miles of such a railway will carry civilisation 
very far into the interior of any unexplored country on the 
globe, and one million of capital so expended (very shortly to 
be productive, as already shown) compares favourably with 
the millions spent in expeditions for the purposes of explora- 
tion in the past with but little result, at least of a practical 
nature. 

If we take a line across the widest part of Africa, about 1 5*" 
north of the Equator, from the port of Aden on the Red 
Sea to Cape Verde on the Atlantic, across the Desert or 
Great Sahara, we find the distance, as laid down on Mercator's 
Projection, is under 4000 miles. Surely four millions to make 
a railway from ocean to ocean would be as nothing com- 
pared to what the numerous expeditions to which we have 
referred have cost in the last 400 years. Again in South 
America, on a line 10° south of the Equator, from Pemam- 
buco on the West coast to Port Payta on the Pacific Ocean, a 
line which would open up the unknown regions in the very 
heart of this vast continent is short of 6000 miles, and 
six milHons is no very large sum to accomplish the great 
results which would follow — viz., the spread of Christianity, 
commerce, and trade, and the establishment of law, order, 
and settled government. 

As regards the rate of the progress which could be made 
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in the construction of such railways as we are considering, 
and which would afterwards develop into the main trunk 
lines, opening up, with their branches, the countries of the 
world in every direction, a few words must be said. 

Passing from large matters to small (and every great 
ending had a small beginning), I again take my data from 
our Brazilian tram-lines, and what we found could be there 
accomplished. 

As I have already said, we were but a small party of 
engineers. In fact, as far as the work of setting out and 
locating the tram-lines was concerned, there were but four of 
us — viz., a brother engineer (with whom I had had previous 
experience in railway work in Bulgaria), myself, and two 
pupils, who became of service at the end, but who had at 
first to be instructed in the mysteries of surveying and 
levelling. We had no maps or plans of the country on which 
to lay out our railways, nor did we attempt to make any, 
but our plan of operations was as follows : — 

Having estabhshed ourselves either in such a house as 
could be obtained in the vicinity of one of our proposed 
factories, or in a tent, as the case might be, we proceeded to 
explore the country for some miles on horseback in the 
direction which it was intended our trams should follow, 
making careful observations as to the features of the country, 
what valleys it appeared easy to follow, and especially what 
passes or natural outlets appeared to exist in the chain 
of surrounding hills which we could surmount, not exceeding 
the limit for gradient and radius for curves, and with as light 
a section as the circumstances of the case would allow. 
We noted also what rivers and streams must be crossed, and 
where bridges might be avoided by diversions of water 
courses. Also as to the probable nature of soil, and what 
stone and sand could be obtained for bridge-building and 
ballasting. 
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In our case, of course, the fertility of the land had to be 
considered for the production of sugar-cane, as, when the 
maximum quantity of 350 tons a day which one factory was 
capable of crushing was secured, no further extension of the 
railway for that particular factory would be requisite. It 
will be seen, therefore, that these explorations had in the first 
instance to be carefully considered, and that time so expended 
was not time wasted. 

Having, then, decided upon the best practical route, the 
next thing was to set out the centre line and take the section 
and cross-sections where required. Commencing from the 
plateau on which the factory was arranged to be built, we set 
out the centre line, following as nearly as possible the route 
determined on, with pegs driven at every chain. I had with 
me a transit theodolite, but used it rarely, except for running 
long straight lines or putting in curves where the tangents 
conld be chained out and the angle of intersection taken 
without clearing bush and forest, which added much to our 
labour. We therefore cleared no more than could be avoided 
till we came to make the formation, cutting down only a 
narrow path along the centre line of such undergrowth and 
trees as came in our way in ranging our poles. For this 
purpose we had four br five natives going ahead of us, armed 
with axes, &c., who would cut down in. the direction we indi- 
cated, and drag the branches and trees to one side. 

We then set out our curves, usually by offsets — 

(?) 

from one end only, setting off again — 

r 



for the next straight line we were able to run. 

Of course, we often had to alter our radius after trying one 
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round a portion of a curve, but with a little practice were 
soon able to judge what radius would suit ; but in spite of all 
difficulties, such as a tropical sun, tropical vegetation, the 
difficulty of making our men understand us and their duties, 
to say nothing of snakes and other poisonous creatures, and 
insects, we were able to make a fair rate of progi'ess, and on 
an average would be able, if the country was fairly favour- 
able, to set out some 3 or 4 kilometres after a long day's 
work, then jump on our horses and gallop back to our tent, 
to enjoy the bath, food, and rest of which we stood so much 
in need. We never set out more than a few miles of the 
trams in this way without taking the section, in case we 
should find any alteration or diversion requisite to secure 
greater economy in construction. The levelling was a 
quicker operation, the track having been cleared. Plenty 
of bench marks were left for the purpose of running check- 
levels. 

In this way, after perhaps a fortnight's hard work, some 
two or three miles, according to the nature of the ground, 
would be set out, and the section and cross-sections, where 
necessary, taken. 

Our party would then return to head-quarters at Pernam- 
buco, where we had established our offices, and where such 
supplies as we required for taking up the country could be 
obtained. 

The section had then to be plotted, which was done to a 
scale of 2 chains to an inch horizontal and 20 feet to an inch 
vertical, and the gi*adients were next put on, i in 80 being 
as a general rule the steepest incline admissible. 

For the purpose of light railways for exploration I do not 
advocate either sharp curves or the use of steep gradients, 
although I am aware that by Fell's and other systems such 
railways have been successfully laid down. Our little engines 
could haul on the level 60 to 70 tons, but on gradients of I in 
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50 the same engine could take only 15 tons, thus seriously 
affecting the carrying capacity of the line. 

Another reason against steeper gradients than 1 in 80 
for exploration railways is that, by adopting a good sec- 
tion in the first instance, no alteration need be made in 
converting the narrow to the ordinary gauge hereafter, 
and merely the necessary widening of the cuttings and 
banks would be required, the original formation being re- 
tained. 

Having, then, settled the gradients, the height of cutting 
and bank were written down at each chain, and, a tracing 
having been made, the section was ready to let to a conti*actor, 
at prices already given. 

All this work would occupy a few days, and we were then 
ready again to start up country, and commence on a fresh 
section. When the contract for a section was once let, we 
found the rate of progress was dependent on the speed with 
which we could set out the lines, and supply the section to 
the contractors. We had one, a Norwegian, a most energetic 
and pushing man, with a thorough knowledge of the country, 
and who had plenty of plant at his disposal, and could com- 
mand any quantity of such labour as was available. Our 
other contractor, in a smaller way of business, was a Portu- 
guese. At any rate, we found that, in the construction of the 
tram-lines, they followed very close at our heels, and unless 
some delay occurred, by a bridge of larger dimensions than 
usual having to be built (which of course also we had to 
design), it was as much as we could do to keep them and 
their gangs fully employed. 

The laying permanent way and ballasting was even a 
more speedy operation than preparing the formation, so that 
the speed at which the tram-lines could be laid out regulated 
the speed at which they could be constructed. 

As I have said, however, we were but a party of four en- 
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giueers in all, and the duties • of laying down the tram-lines 
were not the whole of our duties. At each of our sites we 
had the plateau of 5 or 6 acres to level, and prepare for 
the erection of the factories, large buildings 360 feet long. 
Then we had the concrete foundations to put in for the 
walls, and for the cane-mills and heavy machineiy that had 
to be erected. We had also all the bricks and tiles to make 
and bum, and all roofing, doors, and windows to get made. 
For the landing and erecting the sugar machinery we had 
mechanical engineers and fitters to assist us. Besides all 
this work, my colleague's time, especially, was much taken up 
in carrying on negotiations with planters as regards supply 
of cane, purchase of timber, stone, clay for brick and tiles, 
the selection of sites, and many other matters too numerous 
to mention, so that it was only possible to devote a com- 
paratively small portion of our time to the tramroads. Then 
there was the designing and laying out of bridges, the 
general superintendence of the work in progress, and the 
measurement of the contractors' work. This last fell entirely 
to mv share, and was done at the end of the month on each 
contract. It is from these certificates, of which I have copies, 
that the cost of the tramways is here given, and is therefore 
reliable. These measurements were taken with a tape on the 
ground, and, when several- contracts were going on in 
different parts of the country at the same time, occupied 
several days in each month, and involved many hours on 
horseback to get to the different places, so that it will be 
seen there were several causes, in our case, to prevent the 
trams being constructed as quickly as I am sure might be 
done with a sufficient staff of engineers and trained assist- 
ants, and nothing but the j)usliing forward of the railway 
to occupy their attention. 

The staff, I think, should consist of eight engineers and 
four assistants, trained to the work, besides native labourers 
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to clear the bush, carry instruments, poles, pegs, &c. ; and 
horses for riding would also be required. 

Their duties, I think, should be thus distributed: — ^Two 
(with an interpreter if necessary) would ride in advance to 
settle the general direction and make all inquiries possible. 
Two more with sufficient assistants would follow, staking out 
the absolute centre line, and, of course, with them would go 
the labourers to cut and clear the scrub. Next would follow 
one man and a good staff man taking the section, and a sixth 
engineer would be engaged in running check-levels and 
taking any cross-sections required. The level books would 
be sent off to the two remaining men, who would be left at 
head-quarters in the drawing office, and whose work would 
be plotting sections, fixing gradients, designing all works, 
such as bridges, culverts, stations, &c. They would also let 
the contracts and measure up contractors' work monthly. 
These duties would be very important, though less laborious 
than those of the engineers engaged in field work. By this 
subdivision of labour the contractors would not be stopped 
for want of the line being set out quickly enough and sections 
suppUed, and I can see no reason why, in this way and by 
such a system organised as I have endeavoured to describe, 
on any single light railway in any country from 6 to 10 
miles could not be entirely completed in a week. This would 
mean, we will take it, 400 miles a year, and, at this rate of 
progress, in a very few years those long lines of railway we 
have alluded to, traversing the great continents of Africa and 
South America from ocean to ocean, would become accom- 
plished facts. 

Before the ten years elapse to complete this nineteenth 
century what a transformation would have taken place ! With 
our fast steamers to land us at the ports, and with the railways 
to carry us at the rate of 20 to 30 miles an hour into the 
interior, there would be no place on the habitable globe that 

D 
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would not be within easy reach of our missionaries, our traders, 
and our men of science. To visit such places would be no 
difficult and dangerous task, as at present, so long as direct 
communication was kept up with our own country. All the 
comforts, and even all the luxuries, of civilisation would pene- 
trate to these remote regions, and to live for a time in these 
countries would be no banishment, no life of privation or of 
danger and suffering. 

It is true that exploration even at the rate of 400 miles a 
year may seem slow to some of our great travellers, but to 
push through a country at this speed has, in many instances, 
been found an impossible task, owing to the difficulties and 
dangers eu countered. Provisions have failed, sickness has 
overtaken the traveller with no medical aid or stores at hand, 
and delayed his journey for months, and in many instances 
delayed it for ever. 

We cannot read the interesting narratives of any of our 
great explorers, or the accounts published of missionary efforts, 
without recognising these facts. These brave and good men 
have died by thousands in their noble endeavours to spread 
Christianity and civilisation for the want of that assistance 
which communication with their fellow-men would have pro- 
vided. If an organised system prevailed of laying down 
these light railways by the East Africa or by any other 
exploration company in any part of the world, the exploring 
party or the missionaries or the trader need never pene- 
trate beyond a few days' journey from the most advanced 
station of the railway, and could always fall back upon 
that station for relief when difficulties, sickness, and danger 
approached. 

I have therefore endeavoured to establish these points : — 
(i) That light and inexpensive railways are the cheapest 
mode for exploration. 



LIGHT RAILWAYS FOR EXPLORATION. $1 

(2) The result is more permanent and satisfactory, 

(3) It is as quick, if not a quicker method for the establish-^ 
ment of Christianity and civilisation. 

(4) That capital invested in such railways becomes in a 
short time productive and remunerative capital. 

It remains now to consider in what parts of the world 
such railways may be employed with success. 

I should like to say a few words on this subject, first, in 
connection with Equatorial Africa and Mr. Stanley's last ex- 
pedition. It is evident, from the most interesting a<5Count of 
his adventures and his travels, fully confirmed by that of other 
distinguished men who have explored very far into the 
interior of the Dark Continent, that the difficulties they have 
all encountered are not such difficulties as need discourage 
the engineer or stand in the way of railway enterprise. On 
the contrary, their accounts of the physical features of the 
country they traversed go to show that railway construction 
is not only feasible, but that easy routes x^uld be founds 
crossing great plains and deserts, and following the estuaries 
of the rivers, to those great lakes now so familiar to us by 
name. The difficulties that these travellers so successfully 
overcame, but to which others in former times have suc- 
cumbed, would all be swept away before a gradually advancing 
railway. Each station as it was secured would form a new 
point of safety in a hostile and barren land — ^a new resting- 
place from which to advance, and on which, when necessity 
arose, to retreat, and a new depdt for the supply of all 
medical and other stores essential for the support of human 
life. It is the extending researches too far from the reach 
of civilisation that creates the perils of these expeditions, 
and it is on this account that I maintain that, as an engineer 
by means of these railways carries civilisation with him, the 
dangers would vanish at his approach. 
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I am not myself acquainted witli any part of Africa, 
and such information of the country as I have is derived 
entirely from the published accounts of travellers ; but I am 
sure I am correct in saying we have no information from 
them to show that any exceptional obstacles to the laying 
down a complete system of light railways, in any part of the 
country explored, are known to exist. We read, no doubt, of 
vast swamps difficult, and perhaps all but impossible, to cross, 
but these could probably be avoided in setting out the rail- 
ways. We also read of forests so thick and tangled that 
Mr. Stanley and his followers spent weeks in making but a 
few miles' progress in the partial darkness produced by the 
matted growth overhead ; but even this would yield to the 
gradual but sure progress of a railway, bringing to the 
attack as it advanced, step by step, more labourers fully 
prepared with all requisite tools and modem appliances to 
wage war against Nature, till at last, with a shrill scream of 
triumph, the little engine would rush through what was once 
an impenetrable and trackless forest, and the victory would 
be won. 

For one man, or for a dozen men, to stand alone, far re- 
moved from all human assistance, and without the means of 
supporting life in such an awful position, however great 
their pluck and determination, seems all but impossible ; 
but with the engine close at hand, and under control, to 
bring up supplies and assistance as required, the aspect 
of affairs is changed, and 'confidence may take the place of 
despair. 

Even then, in the heart of Africa, through such countries 
as we have had described to us, I venture to assert that light 
railways, differing very little from what we have been con- 
sidering, could be constructed in Equatorial Africa for ;£'iooo 
a mile, and at the rate of 400 miles a year. 
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Possibly rolled steel sleepers, owing to the insects which 
soon destroy timber in tropical countries, might be used, but 
this will not materially affect our cost, steel sleepers and 
fastenings costing ;^228 a mile, instead of ;£^I28 as in our 
estimate, or increasing cost per mile to ;£"iioo. Steel 
sleepers are, however, both light and durable, the life of 
them being given at forty years, so that the first cost would 
soon be recouped. The section given is suitable for carry- 
ing 14 lb. rails, laid to a 2 ft. 4 in. gauge. It is 4 feet 
long, of rolled steel, and weighs 30 lb. 1920 sleepers per 
mile are recommended. 

In considering recent explorations in East and Central 
Africa, and applying what we have learnt from them as to 
the suitability of the country for establishing a complete 
system of railways, we must, I think, be struck by the fact 
that the produce from which any future traffic to support 
those railways may be anticipated is of a light rather than 
a bulky character. Mr. Stanley has told as of the great 
value in ivory he was obliged to leave behind him owing to 
the impossibility of obtaining transport to convey it to the 
coast. He and others have told us of natural products in 
abundance, all of great value, but not one of which is of a 
bulky nature; and for this reason it would seem that, at 
any rate for an export trade, for some years to come light 
rather than heavy railways would best meet the require- 
ments of the country. At present heavy railways would not 
pay for the cost of construction, the traffic to be anticipated 
being of too light a character to support them unless the 
freights charged were very heavy in proportion to the weight 
carried. No doubt, as time went on, and the land was 
brought under cultivation, and the mineral wealth of the 
country became developed, traffic might be created for 
ordinary lines ; but when that time arrives, as I have shown, 
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the light railways can be converted to meet the new 
requirements. From what we know of this country, then, 
we may say that at the present time ready means for light 
transport, rapidly laid down and for a small cost, is exactly 
what is required, and might perhaps suffice for some years to 
come. 
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CHAPTER IV. 

We now come to the point whicli has recently given rise to 
so much international jealousy in relation to this country — 
viz., whether the influence of Great Britain or the influence 
of Germany is to preponderate in Eastern and Central Africa. 
Territorial maps are published showing lines of demarcation, 
and what zones of country are under British and what under 
German rule, and other parts which are still bones of con- 
tention, and respecting the possession of which it is some- 
times feared that complications may arise between the two 
countries. There are, however, no doubt, many thousand 
square miles of territory which acknowledge only British 
rule, and if our railways were first laid down in such parts, 
it would follow that, being first in the field with a practical 
scheme, the waverers would soon give in their allegiance to 
us, and our influence predominate through this country as it 
lias done in the past in so many quarters of the globe. We 
should in this way gradually arrive at a peaceful settlement 
of this vexed question through the will of the inhabitants of 
the country themselves, and this satisfactory settlement would 
be brought about, not by conquest and annexation, and not 
by the arts of diplomacy, but by the combined and united 
efibrts of explorers and engineers working hand in hand in 
the cause of civilisation and progress. 

The battle between white and native rule would soon cease 
when the practical advantages of the former were in this 
way demonstrated. In fact, it may be said that already, 
owing to the protection of the trade by caravans under the 
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auspices of Great Britain, the Sultan of Zanzibar is willing 
to entrust his customs and his revenues to her care, recog- 
nising the fact that British subjects have established the 
caravan stations, and by their means brought the natural 
wealth of his country to the coast. Even now the annual 
value of india-rubber alone exported is stated to be ;£^6o,ooo. 
Till four years ago the Sultan of Zanzibar held an unques- 
tioned right over all the interior of Central Africa, and, as a 
proof of his appreciation of what British traders had done by 
the caravan routes and stations for his country, he then 
offered to our Government sovereign administration of his 
dominions, and a lease of seventy years of the whole of his 
customs and revenues. The offer was then declined by the 
Imperial British East African Company, owing possibly to 
German claims being advanced, and spheres of British and 
German influence were then proposed and sanctioned by the 
Great Powers at Berlin in 1886. These are matters of 
history, and quoted here only to show that the country which 
first establishes lines of communication will be the country 
which will eventually govern the destinies of the great con- 
tinent and traffic in the land. 

The caravan routes established by British enterprise are 
but the forerunners of the railways of the future, and in pro- 
portion to their establishment by the one nation or the other 
so will her sphere of influence become more or less. 

It has been denied by some that discoveries and explora- 
tions form any claim to Eastern Central Africa. If they did, 
we should undoubtedly be the country to whom the prize 
should be given. It wo aid not, however, be disputed that, if 
we went a step farther and added to our researches the em- 
ployment of our capital in establishing systems of railways, 
we should thereby make our claim good. I do not think it 
can be said that our objects and those of our rivals are 
identical. No doubt the two countries are actuated alike by 
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good motives, such as abolition of the slave trade and the 
spread of Christianity. The motives of the King of the 
Belgians in devoting a large portion of his life and fortune 
to these good objects are beyond a doubt entirely those of a 
great philanthropist, and these motives are shared by both 
England and Gennany; but, at the same time, we have 
ulterior objects, differing in the two cases in very important 
respects. Our objects would seem to be developing the trade 
and resources of the country for the purpose of finding fresh 
markets for our own produce and home industries, while 
those of Germany are entirely for colonisation and as an 
outlet for her increasing population. There can be but little 
doubt which of these objects is the most likely to command 
success, or which would naturally commend itself to native 
chiefs and rulers. 

To put it clearly, Would they prefer the surplus population 
of Germany to impoverish and overrun their land, or would 
they prefer the employment of British capital to supply the 
demand for manufactured goods which the rapid development 
of the country would create? The question was, I think, 
answered when the Sultan of Zanzibar offered a lease of his 
customs and revenues to Great Britain. 

A still further objection to the German idea of colonisa- 
tion exists in the fact that the climate is unsuited to white 
men. All travellers to the country agree on this point, and 
it is an objection to which no remedy exists. Explorers 
and engineers may do much by united effort to create trade 
and commerce, estabUsh quick communication by railways 
from place to place, bring into the market such natural pro- 
ductions as are of value, and supply in exchange manu- 
factured goods of which the inhabitants stand in need, but 
they can do nothing to alter the climatic conditions, and 
these are unfavourable for Europeans, and must remain so. 

To make an attempt to ameliorate the condition of the 
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native races and raise their standard in the social scale in 
the country to which they are suited by nature is surely 
wiser than to import Europeans to colonise and overspread 
a country for which Nature has not fitted them, and where 
deterioration must take place, even if able to live at all under 
the transplanting to a soil unsuited to their constitution. 

These, no doubt, were some of the reasons that caused so 
much hostility and opposition to the German East African 
Company on the part of the natives, and caused Lieutenant 
Wissmann's expedition to become necessary. As for the 
Imperial British East African Company, Mr. G. S. Mackenzie, 
had no similar troubles with the native tribes. 

In considering East and Central Africa as a field for the 
construction of light railways, I have wandered somewhat 
from the path, but the object of my digression was to 
endeavour to show that the disunion and rivalry which un- 
fortunately at this time seem to bar the way to progress 
would cease to exist if this country were now to push for- 
ward in that portion of Africa in which her sphere of in- 
fluence is indisputable. Were capital expended in railway 
enterprise there, the unoccupied territory would soon", by the 
will of the people, be ours to deal with in a similar way, and 
British rule in East and Central Africa would be accom- 
plished. 

Four hundred thousand pounds spent annually on four 
hundred miles of narrow-gauge railway in this country 
would soon confirm the native chiefs in the opinion they have 
probably already formed of what results British capital and 
British energy are capable of producing ; and, as we have seen, 
this capital would very shortly become productive. 

I should perhaps apologise for writing of a country of 
which I have no personal knowledge, and where I have 
derived my information entirely from the researches of 
others. I have, however, endeavoured to take up only those 
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points of interest and those features which seem to apply to 
my subject, and to show how far what has been said by those 
who are familiar with the country justifies me in considering it 
as one suitable in all respects for the construction of a system 
of light narrow-gauge railways which may hereafter be 
gradually converted into permanent railways, and perhaps 
form the main trunk lines of East and Central Africa of the 
future. 

In answering this question, then, in the light of the ex- 
perience of others, I think we may say there are no insuperable 
objections ; on the contrary, there is much in favour of their 
construction. 

We have learnt — 

( i) That, from an engineering point of view, no insurmount- 
able difficulties exist. 

(2) That, at the present time the export trade consisting 
of ivory, india-rubber, gum-copal, cloves, cocoa-nut oil, seeds, 
&c., although of immense value, is not bulky produce, and 
is more suitable for light and inexpensive railways than for 
heavier lines. 

(3) That if British ideas for the future development of the 
country are carried out, it is by import rather than export 
trade, and the establishment of a new market for our ever- 
increasing home manufactures, which in a few years will 
create traffic to justify the expenditure of additional capital 
to convert those sections of the light railway contiguous to 
the coast into heavy carrying lines, thus releasing the original 
light railway and rolling stock for pushing explorations into 
the very heart of the country. 

And, lastly, that nothing would be so sure to win over to 
our side the native rulers and tribes which they govern, 
and thus give to Great Britain that supremacy to which 
her explorations in East and Central Africa have entitled 
her, than the immediate commencement of railway enter- 
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prise in those territories where her sphere of influence is 
undisputed. 

Before taking leave of Africa as far as my subject is 
concerned, a few words must be said respecting British 
possessions in the South as a field for extending the present 
railway system at moderate cost on the narrow-gauge 
system. 

The South African Republic, or Transvaal, manage their 
own railway system, all (including the Kimberley line) being, 
I believe. Government railways. 

Cape Colony appears to some extent to have seen the 
advantage of the narrow-gauge system, and the saving that 
could be effected in the first cost thereby, and adopted a 
medium gauge of 3 feet 6 inches for their 1 800 miles of railway, 
which cost them under ;^8ooo a mile, and, as a result, they 
are able to pay a dividend of £4 i8s. per cent, on the capital 
of ;^ 1 4, 2 1 7,000 which their railways have cost them. This is, 
of course, a wiser policy to pursue than that alluded to in a 
former chapter — ^viz., the Varna and Rustchuck Railway in 
Bulgaria, on which I was engaged in 1870, and which (140 
miles), as I have said, cost at the rate of ;£"2 1,428 a mile, and 
the State obligations respecting that unfortunate railway 
have hampered that country ever since. 

I am endeavouring to advocate a narrower gauge and 
cheaper railways still than the Transvaal railways at ;^8ooa 
a mile. The Transvaal Republic, of course, manage entirely 
their own afiairs, and I only venture here to make the sugges- 
tion that in the railway extensions now going forward in 
Natal, from Ladysmith into the Orange Free State, these- 
little railways would prove, if adopted, of very great service. 
For branch lines also to feed already existing railways with 
traffic they are invaluable. Break of gauge, with the trans- 
shipment which it involves, is no doubt some objection, but 
when we consider that a charge of 4d. a ton will suffice to- 
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cover this expense, it will be apparent that this loss is as 
nothing compared to saving in original cost of construction. 

It is an undoubted fact that branch lines made by the large 
railway companies on their ordinary principles have mostly 
resulted in loss, owing to outlay being so large in construction, 
in equipment, and in working expenses, and in order to 
ensure paying lines, where the traffic cannot be developed to 
an extent to meet the outlay, it is surely worth consideration 
if the outlay cannot be reduced to meet the traffic. Neither 
Governments nor shareholders will face a certain loss for the 
benefit of the community at large, and, if inexpensive railways 
are not adopted on an extensive scale, thousands of square 
miles of rich and fertile country in all parts of the world 
must remain undeveloped and contribute nothing to the 
wealth of nations. 

Our British colonies in South Africa consist of some 
250,000 square miles of country, for the most part rich in 
mineral wealth and in flocks of sheep and herds of cattle. 
On this vast area there are not at present 2000 miles of 
railway, or i mile to 125 square miles. On the high, flat 
table-lands in the interior a magnificent field for railway 
enterprise on an economical scale must exist, either for feed- 
ing the present railways with traffic, or for developing new 
districts now cut off from communication. 

Passing to other parts of the world, we find the field for 
railway enterprise is practically unlimited. If we take the 
British empire in India, we find our railway system capable 
of enormous extension — not at present able, perhaps, to 
show a return upon an outlay of ;^40,000 a mile, which 
many of the lines there have cost, but sufficient to render a 
good and certain income on the more moderate outlay. 

Some of our other British possessions in the East, such 
as Aden, Ceylon, Straits Settlement, Malay Peninsula, 
Hong Kong, and Cyprus, may be named as suitable fields for 

E 
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cheap railways, and I believe our statistical returns of the 
trade of all these countries would show that in one and all of 
them more railways are required, and that they would pay 
their way if due regard were taken to economy in construc- 
tion by adopting the narrow-gauge principle at ;^iooo a 
mile at the first onset. 

The British empire in America may be said to extend 
from the United States boundary to the Arctic Ocean, and 
here again must be an enormous field for profitable invest- 
ment of capital in railway enterprise, if carried out on a 
scale proportionate only to such a country's present limited 
requirements. 

In Newfoundland, with 42,200 square miles, and with 
already a large export trade, we hear only of 100 miles of 
railway, or i mile for 422 square miles of country. 

Canada appears to have been the first country to recognise 
the rapid development of her railway system as the most 
powerful auxiliary to national prosperity, and we find she 
extended her railways from 6000 miles in 1878 to 12,700 
miles in 1888. The Canadian Pacific Railway, 4274 miles 
long, was completed in 1885, and the time occupied in the 
construction of this splendid line, from the time of turning 
the first sod till it was opened throughout its entire length 
for traffic, was only four years and a half. It was therefore 
constructed at the rate of more than two miles and a half 
per day. When we consider the great achievement accom- 
plished in laying down a first-class railway at the rate of 
18 miles a week, the rate of progress we have given as 
possible of from 6 to 10 miles a week for our light narrow- 
gauge railways, in any average country, will seem to be well 
within the range of possibility. In fact, judging from this 
instance, it would seem that we might fairly have assumed 
four times this rate of progress. It is true that a large por- 
tion of the Canadian Pacific Railway traverses the great 
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prairie country, where the formation would be easy, but, on 
the other hand, the Rocky Mountains had to be pierced, en- 
tailing thousands of yards of excavation through the solid 
rock, and the great rate of progress attained was due rather 
to the skill and energy of the engineers and contractors than 
to any exceptional physical features of the country in favour 
of rapidity of construction. 

If we take Australia, the largest island on the globe, 
containing 3,171,078 square miles, we find only 9545 miles 
of railway, or i mile of railway for 332 square miles, and 
these railways are mostly coast lines, or running short dis- 
tances inland from the ports and connecting the larger and 
more important cities. All the central portion of Australia 
is practically unknown and unexplored, and its natural re- 
sources lost to mankind, although the value of them to us is 
ever increasing with the steadily increasing population. 

Here, then, is, within our own dominions, another large 
field for exploration and gradual development, and here the 
advantages of cheap railways cannot be over-estimated. We 
might go on to speak of such of our colonies as Queensland, 
with only 1 931 miles of railway open. New Zealand, Tas- 
mania, West India Islands, West Africa, Gold Coast 
Colony, Sierra Leone, &c., or British possessions in the 
South Atlantic, to show that light narrow-gauge railways 
could be constructed with advantage, to increase rapidly the 
prosperity of our own possessions in all parts of the world, 
and that there is plenty of scope for such profitable employ- 
ment of capital on railway enterprise within the British 
empire and her dependencies for many years to come. 

We need not, however, stop here. Concessions for con- 
struction of railways in foreign lands have been in the past, 
and will be in the future, placed in the hands of English 
capitalists and English engineers. 

When engaged on our works in Brazil, I was much struck 
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by the fact that all the important public works in that 
country had been accomplished by British enterprise. In 
Pemambuco, for instance, the railway (Sao Francisco), the 
street railways, street tramways, and the gas- and water- 
works, one and all owed their origin to the same source. 
That wise and enlightened Emperor, Dom Pedro II., from 
the time of his accession to the throne in 1831 till the 
people declared in favour of a republic in 1889 and de- 
posed him, had been unceasing in his efforts to promote 
the best interests of his country, by the execution of public 
works to develop her natural wealth. The system adopted 
in 1883 for any public works it seemed desirable should 
be undertaken was to create loans for the carrying out 
of the work, an imperial guarantee being given for the 
payment of a fixed rate of interest for a given number 
of years. As during the reign of the ex-Emperor these 
State obligations were never repudiated, and both capital 
and interest were always punctually paid on the works 
contracted for being satisfactorily completed, confidence 
was established in Brazilian loans in this country, and 
capitalists were always ready to invest in these securities. 
How far this may continue to be the case under the 
existing republic it is impossible at present to foresee, 
but if the credit of Brazil is not fully maintained in 
the future as it has been in the past, her progress will 
cease. 

The sugar trade of Brazil is one of her most important 
industries. In no country in the world, unless it may be in 
the West India Islands, does the sugar-cane flourish to such 
an extent as in her fertile valleys, favoured alike by climate 
and soil, yet for centuries they have had but the rudest 
machinery at their native " engenhos," or factories for crushr 
ing the cane and making the sugar. Fully 40 per cent, of 
the syrup was thrown away for want of proper means of 
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extractiDg the whole of the juice. When their enlightened 
Emperor saw what was done in other countries, he took 
immediate steps to put a stop to this annual waste of the 
national wealth of his country. To effect this he gave a 
concession to an English company to erect, and equip with 
the most approved modem machinery, large central sugar 
factories in various selected spots in his empire, and, radiating 
from each, to construct a sufficient number of miles of narrow- 
gauge railway into the surrounding cane-producing country 
to convey enough sugar-cane to keep each of such factories 
in full operation. To such a company he guaranteed for a 
period of twenty years 7 per cent, interest upon its capital 
expenditure from the time of the completion of the works. 
During that period any additional revenue over 7 per cent, 
would be taken by the State, and at the expiration of that 
time either a fresh period would commence on the same 
terms, or the works would be taken over by the State by 
payment of the capital. 

It was upon works carried out by an English company 
and by English contractors under this system that I was 
employed in the province of Pemambuco, and it was the 
rapidity and ease with which we were able to push our little 
railways day by day, as I have described, through the tangled 
tropical forests that led me to consider how suitable such 
lines would be even if nothing but exploration was the 
object aimed at. 

Perhaps it is not generally known, except by those who 
have travelled some distance into the interior of Brazil, how 
very little of this enormous country of three and a quarter 
millions of square miles is in any degree productive, and how 
much of it is entirely unexplored and unknown. Speaking 
generally, it may be said that from the Atlantic coast there 
is a strip of country about lOO miles in width in which 
sugar-cane is more or less extensively cultivated. Then, for 
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a distance of another loo miles or so, cotton is the staple 
production ; then we have coffee, a large trade, two-thirds of 
the consumption of the world being, it is said, grown in 
Brazil, Within that area again we get hides, but the whole 
of the land producing these things extends only four or 
five hundred miles from the coast. Beside these productions 
there are tobacco, tapioca, diamonds, gold, and precious 
stones ; but all are derived from within the limits of the area 
named. 

Now, from west to east, at or near the Equator, Brazil 
measures 2630 miles, of which only some 500 miles are cul- 
tivated, or even known ; aud the question naturally arises, Of 
what does the centre of this enormous country consist ? To 
this question up to the present time there has been no reply 
given. It is true that explorations of the Amazon and some 
of its tributaries have been made, but the high table-lands 
known to exist in the ^' Sertao," or Central Brazil, remain a 
'' terra incognita." Such investigations as have been made 
of the Amazon show us outlying fragments, in the shape of 
isolated hills and mountains, near this great river, leading to 
a vast central table-land, estimated at from 2000 to 5000 feet 
high ; but we know no more of the " Sertao " than this : — 
It is said to be inhabited by Indian tribes living in a state of 
barbarism, who have never, except some few who have made 
their way to the coast or the river, seen the face of a white 
man. What, therefore, may be the hidden treasures of Nature 
must remain mere matter of conjecture till revealed to us as 
the result of painstaking research. 

Quite recently Colonel Labre has made some investigations 
in the central regions of South America, to which the 
President of the Royal Geographical Society made reference 
at their annual meeting this year, but this is, I believe, the 
only attempt ever made by a European to visit this vast 
territory in the interests of science. 
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My companion while at work in Brazil (to whom this little 
book is dedicated) often discussed this question, and we had 
a plan in contemplation, as soon as we had completed our 
labours, to endeavour to throw some little light on the 
subject by using our active and hardy little native horses for 
the purpose of seeing how far we could make our way into 
these unexplored regions. He is the only man I have ever 
intimately known with whom I would undertake what would 
have been so difficult and dangerous an expedition; but I 
believe that his energy, pluck, and perseverance, had we 
made the attempt, would have sufficed to pull us both 
through successfully, while his quick powers of observation 
would have been invaluable in making such an expedition. 
However, shortly before the completion of our works in 1884, 
he had an illness of so serious a nature that he had to be 
taken home almost in a dying state, owing to the height of 
the fever from which he was suffering; and so such plans 
as we had were never carried out. He has since, I am 
pleased to add, completely recovered, and been again engaged 
in railway construction in Venezuela. 

We had often talked about the long ride we had proposed ; 
of the rivers that must be crossed, either by swimming or 
fording; of the impenetrable jungle through which a path 
must be trodden, and of the unknown dangers of hostile 
tribes of Indians ; also the snakes and reptiles that would 
beset us, as well as the difficulty of obtaining food as we left 
civilisation behind us. It is such difficulties and dangers as 
these, which must attend all exploring expeditions, that made 
the system of attempting them by means of such railways as 
we were then engaged in. laying down seem reasonable and 
practical. 

Progress is perhaps, as I have said, limited to from 6 to 
10 miles in a week, and capital to the extent of ;£^iooo a 
mile must be found ; but, on the other hand, the rivers have 
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])ermanent bridges thrown over them ; the road made through 
the jungle is a permanent road for future travellers. Stores 
and provisions of all kinds are brought to the front as the 
little railway advances, and the dangers arising from the 
attack of savage tribes, animals, and reptiles are certainly 
diminished. In times of sickness or of danger, the means of 
retreat to civilisation are also always at hand. Brazil, too, is 
a country where light rather than heavy railways are the 
most suited. No doubt costly railways would bring her 
prosperity, but it is not so certain that she would bring pros- 
perity to expensively built railways. There is the "Dom 
Pedro Segundo Railway," 365 miles in length, and with no 
branch lines to feed it. For such a line without feeders it 
is impossible that sufficient traffic can exist to pay even 
working expenses, to say nothing of interest on the enormous 
cost of construction. It must be remembered that the pro- 
duce of Brazil, as of all tropical countries, where cereals 
cannot grow, is very light in proportion to the acreage under 
cultivation ; and such countries, therefore, require only light 
and inexpensive railways to carry it. 

We found that, to provide the 3 50 tons per day for each of 
the sugar factories, a very large area of plantations had to 
be connected, but, when so connected, the 2 ft. 4 in. gauge 
railway was fully equal to the work of conveying it. If we 
take coffee, we find the yield of a good crop only 500 lb. in 
weight to the acre, or in 1000 square miles the weight of 
coffee would be only 178,571 tons. In the same extent of 
land under wheat, the weight to be conveyed would be ten 
times as great. One-tenth of the carrying capacity of the 
railways, then, would suffice — a sufficient proof that tropical 
lines should be economically constructed and lightly equipped. 
Take other products, the same thing applies — cotton, spices, 
tobacco, gold, precious stones, &c., all valuable, but light for 
purposes of transport. 
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It is impossible for us to alter the conditions of Nature, 
but we can regulate our works to meet her requirements. 
We must take her as we find her, and, as all the resources of 
science can only make combinations of the materials at our 
disposal to render them of the utmost advantage to mankind, 
so trade and commerce can but convey in the cheapest 
possible manner raw materials from some part of the globe 
where, for want of demand, they are valueless, and serve 
only to cumber the ground which produces them, to some 
other part of the world where they can be used for the benefit 
of the human race. The more facilities that are given to 
effect this desirable object, and the more cheaply the transfer 
can be made, the more rapidly will civilisation spread. 
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CHAPTEE V. 

In all countries and in every corner of the earth the cry is 
for means of transport, and a ready response to that demand 
would be given by capitalists if it can be demonstrated that 
a certain and quick return will be forthcoming on the money 
so invested. With cheap railway communication, aided by a 
duly protected mercantile marine, the natural productions of 
foreign lands now inaccessible for want of land transport can 
be brought to the markets of the world, and, at the same 
time, new markets will be available for the ever-increasing 
manufactured goods of civilised nations in those countries 
from which supplies of the raw materials have been derived. 
All alike must participate in the advantage of this beneficial 
interchange of commodities, and not the least those who by 
judicious investment of capital enable it to be accomplished, 
and no such ready means exist as by the rapid extension on 
an economical basis of railways all over the world. I think 
no more instances need be taken, either in British possessions 
or in foreign lands, to show that ample scope exists for light 
narrow-gauge railways, in the first place, as a means for 
exploration, and, in the second place, for profitable commercial 
enterprise. I now venture to make a few practical sugges- 
tions as to the organisation, under this system, of exploration 
expeditions. 

These might, I think, be State-aided or undertaken exclu- 
sively by a Government department for foreign exploration, 
or they might be left entirely to private enterprise under a 
chartered company, as in the case of the East African 
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Exploration Company ; but, whichever plan were adopted, the 
essential requirements of a Government department or of a 
chartered national company would be the same. 

The board of directors in the one case, or the heads of the 
department in the other, should consist of distinguished 
travellers, eminent civil engineers, men of science, especially 
having reference to geological and geographical research, as 
well as financiers who are well accustomed to conduct their 
operations on an extensive scale. The societies in this 
country that have done so much in establishing missionaries 
in heathen lands should also be represented. 

The duties of a board of control so constituted would be 
with the sanction and approval of the Government of the 
day— 

(i) To determine the circumstances of each particular 
exploration proposed in all its details, and to consider it in 
every possible light. 

(2) Should the scheme be approved after the most 
searching inquiry, to obtain parliamentary powers for pro- 
curing the requisite capital, the amount required being 
based upon estimates prepared in accordance with the 
prospects of ultimate results in the future development of 
the country. 

(3) To have full powers to make (subject to parliamentary 
sanction) direct treaties with colonial Governments or with 
foreign Powers to construct railways, harbour works, or 
public works of any other description in any part of the 
world ; to acquire land for the purpose of the construction of 
such works on such terms as may be arranged, either by 
absolute purchase or by lease for a fixed period ; to have full 
power and control over the works so constructed, and the 
power to employ them to the full extent for the benefit of the 
company, or to lease or sell them to any Government or 
corporate body subject to the approval of the British Govern- 
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inent and of the Government of the country in which such 
public works are situated. 

(4) After due consideration of any particular project, and 
it having been decided to adopt it, and preliminary negotia- 
tions settled on the lines indicated, bonds or shares would be 
issued of suflSicient value and on such terms as might be 
decided on to carry the work into effect. 

(5) Investors taking up shares or bonds for any particular 
exploration would have an interest in the general business of 
the company only so far as that portion of it to which their 
shares related, but would be entitled to be represented by a 
certain number selected from their own body to act with the 
general council as directors in respect to that particular 
undertaking only in which they were interested, and their 
proportionate power of voting would 1)0 duly specified. 

Sanction given to an exploration scheme by the general 
council, consisting of the most capable men in every branch 
of science, and having on its staff the most eminent ex- 
plorers and engineers, as well as great financiers, would in itself 
form a suflSicient guarantee to the public that any scheme so 
sanctioned, and having also the approval of our own Parlia- 
ment and that of the colonial or foreign Government, as 
the case might be, was a scheme as to which no possible 
doubt could exist, and the bonds or shares of an exploration 
undertaking, so promoted, would be readily taken up, and 
become at once marketable. 

The original capital of the parent exploration company 
should sufiice for the cost of establishment, incorporation, 
offices, and clerks, directors' fees and salaries, or retaining 
fees to such professional men as might be engaged upon its 
staff, law costs, stationery, printing, &c. ; also for defraying 
the expenses of explorers and engineers sent for pursuing in- 
vestigations in foreign countries. 

It should] be provided with steel rails, fastenings, steel 
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sleepers, and all requisite tools and plant, together with such 
portable appliances as are manufactured for construction of 
light railways, and sufficient of such appliances should be 
provided, together with engines and rolling stock, for the 
immediate laying down of some few hundred miles of narrow- 
gauge railway. 

The staflr of the company should include engineers well 
accustomed to the setting out and construction of light rail- 
ways of this description, as previously described, in the best 
and most expeditious manner, on receipt of instructions from 
the Home Office as to the line of country and general direc- 
tion to be followed. 

All such plant in connection with these railways that can 
be conveniently exported should be held in readiness by the 
company for immediate despatch to any part of the world, 
as well as such medical and other stores that their officers 
abroad might require from time to time. 

The services of some large firm of English contractors 
should also be at the disposal of the company in the event 
of its being considered to be desirable that the company 
should avail itself of such assistance to carry out the 
work. 

Any of these facilities for rapid and economical construc- 
tion would be placed at the disposal of any particular ex- 
ploration company brought out under the auspices of, or 
promoted by, the parent company, and in such case the 
particular company would be debited in the books of the 
parent company with the actual cost of the assistance so 
rendered, and would, in addition, pay to the parent company 
a percentage, previously fixed, on all its future earnings. 

The profits, then, of the original exploration company 
would be derived from — 

(i) A percentage on the earnings of any company pro- 
moted by it. 
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(2) Revenue derived from any undertaking carried out by 
itself. 

(3) The selling or leasing of any railways or other public 
works to colonial or foreign Governments, or to any 
corporate body approved by them. 

This, then, is the roughest possible outline of the proposed 
scheme for the employment of light railways as a practical 
means for exploration. As an engineer, it is not within my 
province to formulate the somewhat complicated machinery 
necessary to effect in the best possible manner the objects I 
have in view. Draughting the Articles of Association of a 
corporate society of this magnitude must be left to abler 
hands than mine, and I should not have ventured on the 
subject of organisation at all except to make my meaning 
in some degree intelligible. 

The idea may possibly be deemed as worthy of consideration, 
and I feel sure if the details were properly worked out (a 
task far beyond my powers), and future explorations by this 
system took a practical shape on an extensive scale, the result 
would be the rapid advance of Christianity, commerce, and 
civilisation in foreign lands, and the providing employment 
for the manufacturing industries and ever-increasing popula- 
tion of our own country. 
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CHAPTER VI. 

Before concluding my subject I purpose to consider the 
Mconstruction of light railways for military and strategic 
purposes. 

In modem warfare the use of them is not unknown, nor 
are the advantages of employing them entirely matter for 
experiment. The plan was adopted by our War Department 
in the first Egyptian campaign, when Fisher's armour-clad 
train was an important feature, and contributed in no small 
degree to our success. Some few miles were laid down on 
the bank of the Sweet Water Canal, and it was, I believe, 
by its means that Arabi was eventually taken prisoner. I 
think this is, however, the only instance of its use in actual 
warfare. 

The undoubted success attending the plan as then proved 
would be an unanswerable argument in favour of adopting 
the same system in future, and our military authorities will 
consider that no army of occupation is complete or adequately 
furnished without some miles of this equipment. Our War 
Department should, then, have always in readiness for ship- 
ment, in the event of emergency, sufficient of the requisite 
material of the most approved construction, and also all 
necessary tools, including complete contractor's plant, for 
preparing rapidly the formation and for laying down the 
permanent way. 

I would suggest, further than this, that there should be a 
trained corps of engineers and workmen entirely under 
military discipline, who should be thoroughly accustomed to, 
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and expert, not only in the laying down of the permanent 
way, but also in the construction and the setting out of rail- 
ways — in point of fact, as efficient in all such duties as are 
now undertaken by civil engineers and carried out under 
their supervision by a competent contractor's staff, whose 
navvies are engaged all their lives in works of this nature. 

It will of course suggest itself that in the Royal Engineers 
and Sappers and Miners the War Office have already at their 
disposal an excellent body of men capable of constructing 
strategic railways for military purposes in the best manner, 
and, no doubt, the special training of military engineers has 
enabled the Government to make use of their valuable services 
in times of peace in engineering and surveying work, outside 
the sphere of their special duties, with advantage. 

For example, in that great work of the Ordnance Survey 
of England and Wales, which will for ever remain a lasting 
record of the efficiency of that distinguished corps, their 
services have been for some years most usefully employed in 
work which formerly was done exclusively by civilians. Still, 
although this is no doubt the case, I do not think it would be 
found that the training either of officers or men is such as to 
enable them to undertake the work of railway construction in 
the most efficient and most economical manner. 

Then, again, although, as we have seen, in times of peace 
their services have been utilised in work which seems more 
properly to belong to civil engineers, in time of war this could 
not be the case, as then they would have sufficient duties to 
perform in their more legitimate sphere of action. 

I think, then, it may be said that the construction of 
military railways for strategic purposes ought not to be added 
to the duties which, in time of war, the corps of Royal 
Engineers would be called on to fulfil. On the other hand, 
to employ a disorganised body of civilians, however expert 
they may be in this special work, might prove an unwise 
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step. Tlie General commanding an a rmy of occupation 
would possibly be hampered in his operations by a by no 
means inconsiderable body of irregular camp followers, who 
would not be subject to direct military authority and disci- 
pline, and it is of course of the most vital importance that this 
should not be allowed to be the case. 

« 

In order to meet this difficulty the following plan has 
suggested itself: — That a special corps might be formed 
which might be called the Military Eailway Engineers Corps ; 
that they should form a part of our Army Reserve, and be 
enrolled on similar lines to our Militia. They would be 
drawn, as regards their officers, from Civil Engineers and 
others who have had most thorough practical knowledge and 
experience in the laying out and construction of railways ; 
and as regards non-commissioned officers and men, also from 
those who have worked as foremen and navvies for railway 
contractors. Such a force so constituted would be called up, 
like the Militia, from year to year for an annual training, and, 
on being disbanded, would revert to their ordinary occupa- 
tions, but would at any time be liable to be called upon, in 
case of emergency, for foreign or other service, being at such 
time under complete military control. They would of course 
carry arms and be trained in their use, and, although non- 
combatants, they would be capable of employing them for 
their own defence. 

The annual training of such a corps so organised would, in 
addition to the ordinary drill of a soldier, have reference to 
their special work. Here, as regards the selection of a camp 
where the actual work of constructing a railway could be 
undertaken, some difficulty at first sight presents itself, but I 
think this could be overcome successfully. 

There are in this country, more especially in the Lake 
districts, in Wales, and in parts of Scotland many landed 
estates in which the owners of the soil as well as the tenants 

F 
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require increased means of communication, by road at any 
rate, if not by rail, and in such mountainous countries as I 
have in view the land is of little or no value for cultivation. 
In such cases it would not, I think, be difficult for the 
Government to obtain the sanction of the landowner to lay 
out and to construct the earthwork necessary for the forma- 
tion of a railway of a width of about 12 or 15 feet from place 
to place, and to build the bridges, culverts, and other requi- 
site works in connection therewith. Upon the formation so 
made the permanent way of the light railway suitable for 
military purposes would be laid, and this, as well as engines 
and rolling stock, would be supplied for a section of say 10 
miles in length from the Government stores. The Eailway 
Corps would, during the training, be practised in the earth- 
works, the laying rails, ballasting, and the running engines 
and working of the line, and, at the end of the training, the 
rolling stock, rails, sleepers, and all portable plant would be 
again returned to store, leaving the formation so prepared to 
serve as a road for the convenience of the neighbourhood. 
In the following year, in a similar way, the same road might 
be continued, or others made in other parts of the country. 

Thus a Military Eailway Corps would soon become very 
expert and proficient in all the duties of railway construction, 
and especially so in the rapid laying, taking up, relaying, and 
transporting the permanent way and the engines, trucks, 
and other material from place to place, so that when called 
upon to perform these duties in times of war their services 
would be invaluable. 

I do not profess to any knowledge of purely military 
matters, but I assume that an army of occupation must by 
some means make good all such territory as is acquired by 
force of arms, and guard against surprise and recapture. 
The commander of such an army would also desire to establish 
rapid and easy communication with the coast, and to have 
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the means of supplying such fortifications as he might cap- 
ture or construct with arms and ammunition for its defence, 
as well as stores and provisions for the support of the 
garrison, who may in a hostile country be cut off from 
supplies if a line of communication be not made and kept 
open with the sea-board and the fleet. 

By means of suitable narrow-gauge railways, properly con- 
structed and rapidly laid by a well-trained and thoroughly 
disciplined regiment of railway engineers, all this and much 
more could be effected. 

Reinforcements as soon as they were landed would be con- 
veyed quickly to the front, while the sick and wounded would 
be sent down to the coast, to be embarked for home or to 
remain in hospital on shore under the protection of the 
ships. By the same means the troops would be quickly 
supplied with all requisite stores, arms and ammunition, 
and light field-guns at any rate, if not the heavier artillery, 
in specially constructed trucks could be conveyed at a speed 
of 15 to 20 miles an hour over the railway — thus saving 
much of the tedious and laborious work, both to men and 
horses, of dragging guns and ammunition waggons over 
rough and broken ground. Waggons for artillery would be 
made like ordinary gun-carriages, mounted on strong wheels 
and axles, to run upon the rails. The gun would be mounted 
upon trunnions in the ordinary way, the under portion of the 
carriage being made to swivel upon the bogie principle, and 
with a brake as well as a locking apparatus to grip the rail, 
so that a gun may be brought into action, trained, and fired 
upon the railway itself. A few such guns would serve to 
protect the railway from being cut or destroyed. 

For the transport of cavalry,, if required, proper horse- 
boxes should be provided. Also ambulance carriages of 
suitable construction for the wounded. 

I need not here go into further detail as to the organisa- 
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tion or equipment of such a Railway Engineers Corps as I 
have attempted to describe. Their uniform would, of course, 
be designed in accordance with the duties they had to per- 
form, and would be strong and suitable for rough work. 

In considering the cost of military railways, we must 
depart from the estimate previously given for narrow-gauge 
railways for exploration purposes. 

In the first place, the object to be gained is different. 
Exploration railways, as we have seen, are, in the first 
instance, for the purpose of developing in the quickest and 
most economical manner countries which, for want of com- 
munication, contribute nothing to the wealth of nations, and, 
secondly, for creating trade and commerce. Economy in 
construction, therefore, in order to insure a return upon 
capital invested is the first consideration, the whole matter 
being conducted upon a commercial basis. In constructing 
railways, however, for military and strategic purposes the 
conditions are altered and the requirements are different. 
Efficiency should be in this case of paramount importance. 
It is no question of commercial success, and the return for 
the expenditure would consist in the saving effected in lives 
and money by bringing bloody and costly wars to a more 
speedy termination. 

Railways for these purposes also would have heavier 
freights to transport. Carriages and waggons should be 
protected by steel armour plating, and guns and gun- 
carriages mounted on wheels as has been described would 
be of considerable weight. The engines would therefore 
be, of course, proportionately heavier, as would be also the 
permanent way. As regards the question of gauge, I 
should say the metre, or 3 feet 6 inches, would answer all 
requirements the best. The rails should be of steel, and 
weigh not less than 40 lb. to the yard; the sleepers also 
of rolled steel, and not less than 1920 should be used in a 
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mile. The flange of the rail is attached to the sleeper by 
holding-down steel angle clips and bolts, and the ends of 
the rails are secured by fish-plates. Tlie cost per mile of a 
single line of permanent way of the above description of 
3 ft. 6 in. gauge I should estimate thus : — 

Kails (40 lb. per yard), 63 tons at ;^6 . . jCsyS 

Fish-plates, 2 J tons at £7 . . . . 15 

Fish-bolts, 4 ton at ;£■ 1 5 7 

1920 steel sleepers and fastenings at ^s. gil. . 360 



Cost per mile 



o 

10 
o 



o 
o 
o 
o 



;^76i 5 o 



The steel sleepers would weigh about 60 tons, and^he total 
weight of I mile of permanent way as above would be 1 26 tons. 
Assuming that the Government provided 10 miles of railway 
in readiness at all times for shipment, there wotrld be required 
also sufficient appliances, in addition to the engines and rolling 
stock, for this length of line. I should estimate the entire 
j)ortable equipment for 10 miles, exclusive of rolling stock, 
is follows: — 



10 miles of permanent way 

J mile of sidings 

20 sets of points and crossin«rs 

2 engine tnrn-tables 

4 carriage „ 

Pumps and hydrants 

Water-tanks . 

Sheer legs and crabs 

Cranes and hoists . 

Carts, barrows, and tools 

Platelayers' tools . 

Fitters' tools . 

I portable workshop 

Lathe drill and forge 

Hydraulic and other jacks 

Chains, ropes, and tackle 

Rolled iron girders 

Miscellaneons plant 

Portable equipment for 10 miles 



^7610 
380 

50 
90 

60 

So 
100 

rx> 

So 

60 
150 
100 

50 

50 
400 

500 
,/;io,ooo 
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We come next to the rolling stock, and shall have first to 
consider the engines. 

Three first-class locomotives would, I think, suffice for the 
ID miles of railway under consideration. An excellent type 
was supplied by Messrs. Dick, Kerr, & Co. to the Delagoa 
Bay and East African Railway Company for running heavy 
trains over sharp curves and severe gradients. Illustrations 
of these, with particulars and prices, I extract by permission 
from their catalogue. 



1 




1 




1 






1 


Diameter o 
Cylinders. 


Length of 
Stroke. 


Water 
Capacity. 


4) 

a 
1 


Will haul 
on Level. 


1,^ 

^ 

tons. 


bo 
*S 


Price 
Complete. 


inches. 


inches. 


gallons. 


inches. 


tons. 


tons. 


£ 


" Hector "— 
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400 


30 


226 
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20 


1390 
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600 


36 


320 


76 


22 


1585 


13 


20 


600 


36 


420 


103 


25 


1645 


14 


22 


800 


40 


500 


125 


28 


1715 


" Achilles "— 
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600 


40 
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76 


26 


1635 


13 


20 


700 


40 


420 
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30 


1785 


14 


22 


800 


46 


500 


125 


33 
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I should select from this list for the three engines as the 
most suitable for the purpose I have in view the 10- and 12- 
inch locomotives of the '* Hector " class (the two first on the 
list) and the 12-inch cylinder engine *' Achilles." These 
three locomotives, fitted complete with steam brakes and cow- 
catchers, would cost ;£'5iio, and the dead weight 68 tons for 
the three engines. 

As regards particulars and cost of other rolling stock which 
would suffice for the 10 miles of railway of metre or 3 ft. 
6 in. gauge, I give the following list, which is exclusive of 
any carriages of special design for mounting field-guns : — 
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Ordmary Boiling Stock. 

20 contractor's earth waggons .... ;f 320 

10 „ end-tip „ .... 200 

5 „ side-tip „ .... no 

. 10 platform waggons 1 10 

5 high side goods waggons ..... 260 

. 5 low »' »» 240 

4 covered goods waggons 280 

20 passenger cars, to hold 20 passengers eacli . 900 

. 20 open goods waggons 260 

4 brake vans 320 

103 ;^300O 

I should estimate the weight of these 103 carriages at 
abont 280 tons. In addition to contractor's and ordinary 
rolling stock, there should be carriages of special design 
for purely military purposes. These would consist of gun- 
carriages, powder or ammunition vans, forage waggons, 
horse-boxes, and ambulance cars. They should be well and 
strongly built, and protected by steel armour plate, and I 
should estimate the cost as follows : — 

Military Rolling Stock, 

10 carriages with monntings for field-guns (exclusive 
of guns, but fitted with the apparatus for train- 
ing, elevating, and depressing, and with iron 
hoods or mantels, for protection of gunners, 
mounted on strong bogie wheels, and with 
brake and gear to grip the rails) . . . ^^1500 

10 covered powder or ammunition vans, armour- 
plated, all of iron or steel 800 

10 open forage waggons, skeleton iron sides, and 

with waterproof sheets 300 

10 horse-boxes fitted and protected by armour plato, 

each for two horses 800 

2 ambulance cars (as illustrated) yrtjUst^-A hy 

armour-plate y» 

10 carriages for conveying heavy gnnM, utsuUz Wkc. 
timber waggons (as illustrated), on Htrow/ \ff/i(Us 
frames, to work on swivel. • • . . y/xj 
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The portable equipment, then, for the Railway Engineer 
Corps would consist of — 

10 miles of permanent way of 3 ft. 6 in. gauge, with 

plant, tools, &c ;^ 10,000 

3 engines 5» 1 10 

103 carriagesi ordinary rolling stock .... 3,000 

42 „ military „ .... 4,500 



;^22,6lO 



I calculate the total weight thus : — 

Tons. 

Permanent way, plant, &c 1436 

Engines 68 

Ordinary rolling stock 280 

Military „ 350 

2134 



I do not take into account the cost of construction of the 
railway, as that would be included in the cost of the main- 
tenance of this auxiliary force called up in time of war for 
the special duties in connection with the laying down of the 
railways. 

The cost per head of officers and men would be much the 
same as in any other branch of the service. In addition to 
the special equipment, which we have estimated at £2^p0Oj 
there would, of course, be the clothing, arms, and stores 
supplied to the ordinary soldier. As we have based our 
calculations upon a length of 10 miles of railway, we will 
estimate the strength of the corps as sufficient to construct 
this length of line in a reasonable time. 

Sixty thousand cubic yards of earthwork would be a fair 
average for 10 miles of formation, 1 1 feet wide, with slopes 
1 1 to I. 300 men, gettiiig 6 cubic yards a day each, would 
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accomplish this in thirty-three or thirty-four days. In 
addition to these 300 men, there would be platelayers, engine- 
drivers and stokers, cleaners, fitters, and mechanics, say 
another 100. With officers and non-commissioned officers, I 
should put the full strength of an efficient corps at from 
450 to 480 men, capable of laying down the 10 miles of 
railway in about a month. The cost must also be considered 
of sending these 480 men where their services are required, 
and also the freight of the 2 1 34 tons of equipment. 

Taking it all together, the cost is no doubt considerable, 
though as nothing if compared to the maintenance of a 
battery of artillery of similar strength. The latter are at all 
times on a war footing, while, except in time of need, the 
former are called up once a year only for training, and then 
are engaged on works for the benefit of the general com- 
munity ; also, the equipment of a battery of artillery, accord- 
ing to modern practice, would, I should think, cost as much 
as, or more than, the requirements for an Engineer Railway 
Corps as here sketched out. At any rate, I have no doubt 
but that such a corps would prove a most powerful auxiliary 
force, and, if while under perfect discipline as soldiers they 
are at the same time thoroughly efiicient as railway engineers, 
the employment of them would lead to the quicker termina- 
tion of any wars on which we should be unhappily engaged, 
and in this way be the means of saving both the resources 
of their country and the lives of their fellow-countrymen. 
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Investigations and Tables relating to Short-span Railway Bridges. Second 
and revised edition. By B. Baker, Assoc. Inst C.£. Plates^ crown 8vo, 
cloth, 5^. 

Elementary Theory and Calculation of Iron Bridges 

and Roofs, By August Ritter, Ph.D., Professor at the Polytechnic 
School at Aix-la-Chapelle. Translated from the third German edition, 
by H. R. Sankey, Capt, R.E. With 500 illustrations^ 8vo, cloth, \^s. 

The Elementary Principles of Carpentry. By 

Thomas Tredgold. Revised from the original edition, and partly 
re-written, by John Thomas Hurst. Contained in 517 pages of letter- 
press, and illustrated with 48 plates and 150 wood engravings. Sixth 
edition, reprinted from the third, crown 8vo, cloth, I2J. dd. 

Section I. On the Equality and Distribution of Forces — Section II. Resistance of 
Timber— Section III. Construction of Floors — Section IV. Construction of Roofs — Sec- 
tion V. Construction of Domes and Cupolas —• Section VI. Construction of Partitions- 
Section VII. Scaffolds, Staging, and Gantries — Section VIII. Construction of Centres for 
Bridges — Section IX. Coffer-dams, Shoring, and Strutting — Section X. Wooden Bridges 
and viaducts— Section XI. Joints, Straps, and other Fastenings — Section XII. Timber. 

The Builders Clerk : a Guide to the Management 

of a Builder's Business. By Thomas Bales. Fcap. 8vo, cloth, is. 6d. 
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Practical Gold-Mining : a Comprehensive Treatise 

on the Origin and Occurrence of Gold-bearing Gravels, Rocks and Ores, 
and the methods by which the Gold is extracted. By C. G. Warnford 
Lock, co- Author of * Gold : its Occurrence and Extraction.' With 8 plates 
and 275 engravings in the text, royal 8vo, cloth, 2/. 2J. 

Hot Water Supply : A Practical Treatise upon the 

Fitting of Circulating Apparatus in connection with Kitchen Range and 
other Boilers, to supply Hot Water for Domestic and General Purposes. 
With a Chapter upon Estimating. Fu/fy illustrated, crown 8vo, cloUi, y. 

Hot Water Apparatus: An Elementary Guide for 

the Fitting and Fixing of Boilers and Apparatus for the Circulation of 
Hot Water for Heating and for Domestic Supply, and containing a 
Chapter upon Boilers and Fittings for Steam Cooking. 32 illustrations^ 
fcap. 8vo, cloth, is, 6d, 

The Use and Misuse^ and the Proper and Improper 

Fixing of a Cooking Range, Illustrated, fcap. 8vo, sewed, 6^. 

Iron Roofs : Examples of Design, Description. Illus- 

trated with 64 Working Drawings of Executed Roofs, By Arthur T. 
Walmisley, Assoc. Mem. Inst C.E. Second edition, revised, imp. 4to, 
half-morocco, 3/. 3J. 

A History of Electric Telegraphy^ to the Year 1837. 

Chiefly compiled from Original Sources, and hitherto Unpublished Docu- 
ments, by J. J. Fahie, Mem. Soc of TeL Engineers, and of the Inter- 
national Society of Electricians, Paris. Crown 8vo, cloth, qj. 

Spons* Information for Colonial Engineers. Edited 

by J. T. Hurst. Demy 8vo, sewed. 
No. I, Ceylon. By Abraham Deane, C.E. 2s, 6d. 

Contents : 

Introductory Remarks — Natural Productions— Architecture and Engineering ->Topo- 
gpraphy. Trade, and Natural History — Principal Stations — ^Weights and Measures, etc., etc. 

No. 2. Southern Africa, including . the Cape Colony, Natal, and the 
Dutch Republics. By Henry Hall, F.R.G.S., F.R.C.L With 
Map. y.6d. Contents: 

General Description of South Africa^Phvsical Geography with reference to Engineering 
Operations — Notes on Labour and Material in Cape Colony— Geological Notes on Rock 
Formation in South Africa— En^eering Instruments for Use in South AfHca->PrincipaI 
Public Works in Cape Colony : Railways, Mountain Roads and Passes, Harbour Worlcs, 
Bridges, Gas Works, Irri|;ation and Water Supply, Lighthouses, Drainage and Sanitary 
Engineering, Public Buildings, Mines — ^Table of Woods in South Africa — ^Animals used for 
Draught Purposes — Statistical Notes — ^Table of Distances— Rates of Canriage, etc. 

No. 3. India. By F. C. Danvers, Assoc. Inst C.E. With Map. 4^. 6d, 

Contents : 

Physical Geography of India — ^Building Materials— Roads— Railways— Bridges^Irriga- 
tion]- River Works— Harbours— Lighthouse Buildings— Native Labour— The Principal 
Trees of India — Moneys-Weights and Measures— Glossary of Indian Terms, etc. 
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Our Factories^ Workshops, and Warehouses: their 

Sanitary aiid Fire-Resisting Arrangements. By B. H. Thwaite, Assoc. 
Mem. Inst. C.E. With 183 wood engravings^ crown 8vo, cloth, 9J, 

A Practical Treatise on Coal Mining. By George 

G. Andre, F.G.S., Assoc. Inst. C.E., Member of the Society of Engineers. 
With 82 lithographic plates, 2 vols., royal 4to, cloth, 3/. I2J. 

A Practical Treatise on Casting and Founding, 

including descriptions of the modem machinery employed in the art. By 
N, E. Spretson, Engineer. Fifth edition, with 82 plates drawn to 
scale, 412 pp., demy 8vo, cloth, i8j. 

The Depreciation of Factories and their Valuation. 

By EwiNG Matheson, M. Inst. C.E, 8vo, cloth, 6j. 

A Handbook of Electrical Testing. By H. R. Kempe, 

M.S.T.E. Fourth edition, revised and enlarged, crown 8vo, doth, i6j. 

The Clerk of Works: a Vade-Mecum for all engaged 

in the Superintendence of Building Operations. By G. G. Hoskins, 
F.R.I.B.A. Third edition, fcap. 8vo, cloth, \s, 6d. 

American Foundry Practice: Treating of Loam, 

Dry Sand, and Green Sand Moulding, and containing a Practical Treatise 
upon the Management of Cupolas, and the Melting of Iron. By T. D. 
West, Practical Iron Moulder and Foundry Foreman. Second edition, 
with numerous illustrations^ crown 8vo, cloth, loj. 6d, 

The Maintenance of Macadamised Roads. By T. 

CODRINGTON, M.I.C.E, F.G.S., General Superintendent of County Roads 
for South Wales. 8vo, cloth, 6j. 

Hydraulic Steam and Hand Power Lifting and 

Pressing Machinery, By Frederick Colyer, M. Inst. C.E., M. Inst M.E. 
With T^i plates, 8vo, cloth, i8j. 

Pumps and Pumping Machinery. By F. Colyer, 

M.I.C.E., M.I.M.E. With 27^ folding plates, 8vo, cloth, 12s, 6d. 

Pumps and Pumping Machinery. By F. Colyer. 

Second Part. With 11 large plates, 8vo, cloth, 12^. 6d, 

A Treatise on the Origin^ Progress, Prevention, and 

Cure of Dry Rot in Timber; with Remarks on the Means of Preserving 
Wood from Destruction by Sea- Worms, Beetles, Ants, etc. By Thomas 
Allen Britton, late Surveyor to the Metropolitan Board of Works, 
etc, etc. With 10 plates, crown 8vo, cloth, yj. 6</. 
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Gas Works : their Arrangement, Construction, Plant, 

and Machinery. By F. Colyer, M. Inst. C.E. fVi^k z\ folding plates^ 
8vo, cloth, I2J. 6^. 

The Municipal and Sanitary Engineer s Hfindbook. 

By H. Percy Boulnois, Mem. Inst. C.E., Borough Engineer, Ports- 
mouth. With numerous illustrations ^ demy 8vo, clo&, I2j. dd. 

Contents : 

The Appointment and Duties of the Town Surveyor— Traffic — Macadamised Roadways- 
Steam Rolhng— Road Metal and Breaking — Pitched Pavements— Asphalte — ^Wood Pavements 
—Footoaths— Kerbs and Gutters— Street Naming and Numbering— Street Lighting— Sewer- 
age— Ventilation of Sewers — Disposal of Sewage— House Drainage— Disinfection— Gas and 




Plans— Dangerous Buildings — Hoardings — Obstructions — Improvmg Street Lines — Cellar 
Openings — Public Pleasure Grounds— Cemeteries— Mortuaries— Cattle and Ordinary Markets 
— Public Slaughter-houses, etc— Giving numerous Forms of Notices, Specifications,, and 
General Information upon these and other subjects of great importance to Municipal Engi- 
neers and others engaged in Sanitary Work. 

Metrical Tables. By Sir G. L. Molesworth, 

M.I.C.E. 32mo, cloth, u. 6^/. 

Contents. 

General— Linear Measures — Square Measures — Cubic Measures— Measures of Capacity- 
Weights— Combinations— Thermometers. 

Elements of Construction for Electro- Magnets. • By 

Count Th. Du Moncel, Mem. de Tlnstitut de France. Translated from 
tiie French by C. J. Wharton. Crown 8vo, cloth, 4J. dd, 

A Treatise on the Use of Belting for the Transmis- 
sion of Power, By J. H. Cooper. Second edition, illustrated^ 8vo, 
cloth, 1 5 J. 

A Pocket-Book of Useful Formulce and Memoranda 

for Civil and Mechanical Engineers, By Sir Guilford L. Molesworth, 
Mem. Inst. C.E. With numerous illustrations^ 744 pp. Twenty-second 
edition, 32mo, roan, 6^. 

Synopsis of Contents: 

Surveying, Levelling, etc.— Strength and Weight of Materials— Earthwork, Brickwork, 
Masonry, Arches, etc. — Struts, Columns, Beams, and Trusses— Flooring, Roofing, and Roof 
Trusses— Girders, Bridges, etc. — Railways and Roads — Hydraulic Formulae— Canals, Sewers, 
Waterworks, Docks — Irrigation and Breakwaters — Gas, Ventilation, and Warming — Heat, 
Light, Colour, and Sound — Gravity: Centres, Forces, and Powers — Millwork, Teeth of 
Wheels, Shafting, etc.— Workshop Recipes — Sundry Machinery— Animal Power — Steam and 
the Steam Engine— Water-power, Water-wheels, Turbines, etc. — Wind and Windmills- 
Steam Navigation, Ship Building, Tonnage, etc. — Gunnery, Projectiles, etc. — Weights, 
Measures, and Money— Trigonometry, Conic Sections, and Curves— Telegraphy — Mensura- 
tion — Tables of Areas and Circumference, and Arcs of Circles — Logarithms, Square and 
Cube Roots, Powers— Reciprocals, etc. — Useful Numbers— Differentisu and Integral Calcu- 
us— Algebraic Signs— Telegraphic Construction and FormuUe. 
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Hints on Architectural Draughtsmanship, By G. W. 

TuxFORD Hallatt. Fcap, 8vo, cloth, u. dd. 

Sponi Tables and Memoranda for Engineers; 

selected and arranged by J. T. Hurst, C.E., Author of 'Architectural 
Surveyors' Handbook,* * Hurst*s Tredgold*s Carpentry,* etc. Eleventh 
edition, 64010, roan, gilt edges, I x. ; or in cloth case^ u. dd. 
This work is printed in a pearl type, and is so small, measuring only 2^ in. by if in. by 
i in. thick, that it may be easily carried in the waistcoat pocket. 

" It is certainly an extremely rare thing for a reviewer to be called upon to notice a volume 
measuring but 2^ in. by if in., yet these dimensions faithfully represent the size of the handv 
little book before us. The volume — ^which contains 118 printed pages, besides a few blank 
pages for memoranda — is, in fact, a true pocket-book, adapted for being carried in the waist- 
coat pocket, and containing a far greater amount and variety of information than most people 

would imagine could be compressed into so small a space The little volume has been 

compiled with considerable care and judgment, and we can cordially recommend it to our 
readers as a useful little pocket companion."— '^^^Vi^^riir^. 

A Practical Treatise on Natural and Artificial 

Concrete^ its Varieties and Constructive Adaptations, By Henry Reid, 
Author of the * Science and Art of the Manufacture of Portland Cement' 
Ne\» Edition, with $<) woodcuts and ^ plates ^ 8vo, cloth, 15J. 

Notes on Concrete and Works in Concrete; especially 

written to assist those engaged upon Public Works. By John Newman, 
Assoc. Mem. Inst. C.E., crown 8vo, cloth, 4^. dd. 

Electricity as a Motive Power, By Count Th. Du 

MoNCEL, Membre de I'lnstitut de France, and Frank Gerald y, Ing^- 
nieur des Ponts et Chaussees. Translated and Edited, with Additions, by 
C. J. Wharton, Assoc. Soc. TeL Eng. and Elec. With 113 engramngs 
and diagrams, crown 8vo, cloth, Js, 6d. 

Treatise on Valve-Gears, with special consideration 

of the Link-Motions of Locomotive Engines. By Dr. Gustav Zeuner, 
Professor of Applied Mechanics at the Confederated Polytechnikum of 
Zurich. Translated from the Fourth German Edition, by Professor J. F, 
Klein, Lehigh University, Bethlehem, Pa. Illustrated, 8vo, cloth, I2j. dd. 

The French' Polishers Manual. By a French- 

Polisher; containing Timber Staining, Washing, Matching, Improving, 
Painting, Imitations, Directions for Staining, Sizing, Embodying, 
Smoothing, Spirit Varnishing, French- Polishing, Directions for Re- 
polishing. Third edition, royal 32mo, sewed, 6d. 

Hops, their Cultivation, Commerce, and Uses in 

various Countries, By P. L. Simmonds. Crown 8vo, cloth, 4r, 6^/. 

The Principles of Graphic Statics, By George 

Sydenham Clarke, Major Royal Engineers. With 112 illustrations. 
Second edition, 4to, cloth, izs, 6d, 
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Dynamo Tenders' Hand-Book. By F. B. Badt, late 

1st Lieut Royal Prussian Artillery. With *jo illustrations. Third edition, 
i8mo, cloth, 4r. 6d, 

Practical Geometry^ Perspective^ and Engineering 

Drawing; a Course of Descriptive Geometry adapted to the Require- 
ments of the Engineering Draughtsman, including the determination of 
cast shadows and Isometric Projection, each chapter being followed by 
numerous examples ; to which are added rules for Shading, Shade-lining, 
etc., together with practical instructions as to the Lining, Colouring, 
Printing, and general treatment of Engineering Drawings, with a chapter 
on drawing Instruments. By George S. Clarke, Capt. R.E. Second 
edition, with 21 plates, 2 vols., cloth, lor. 6d, 

The Elements of Graphic Statics. By Professor 

Karl Von Ott, translated from the German by G. S. Clarke, Capt 
R.E., Instructor in Mechanical Drawing, Royal Indian Engineering 
College. With 93 illustrations^ crown 8vo, doth, 5J. 

A Practical Treatise on the Manufacture and Distri^ 

bution of Coal Gas, By William Richards. Demy 4to, with numerous 
wood engravings and 29 plates ^ cloth, 28^. 

Synopsis of Contents : 

Introduction— History of Gas Lighting— Chemistry of Gas Manufacture, by Leviris 
Thompson, Esq., M.R.C.S.*— Coal, with Analyses, by J. Paterson, Lewb Thompson, and 
G. R. Hislop, Esqrs.— Retorts, Iron and Clay — Retort Setting — Hydraulic Main — Con- 
densers— Exnausters— Washers and Scrubbers^Purifiers— Purification — History of Q9& 
Holder — Tanks, Brick and Stone, Composite, Concrete, Cast-iron, Compound Annular 
Wrought-iron — Specifications — Gas Holders — Station Meter — Governor — Distribution- 
Mains — Gas Mathematics, or Formulae for the Distribution of Gas, by Lewis Thompson, £s(^.«-> 
Services — Consumers* Meters — Regulators— Burners — Fittings— Photometer— Carburization 
of Gas^Air Gas and Water Gas— Composition of Coal Gas, by Lewis Thompson, Esq.— 
Analyses of Gas — Influence of Atmospheric Pressure and Temperature on Gas— •Residual 
Products— Appendix — Description of Retort Settings, Buildings, etc., etc. 

The New Formula for Mean Velocity of Discharge 

of Rivers and Canals, By W. R. Kutter. Translated from articles in 
the * Cultur-Ing^nieur,* by Lowis D'A. JACKSON, Assoc. Inst C.E. 
8vo, cloth, 12s, 6d, 

The Practical Millwright and Engineers Ready 

Reckoner; or Tables for finding the diameter and power of cog-wheels, 
diameter, weight, and power of shafts, diameter and strength of bolts, etc 
By Thomas Dixon. Fourth edition, i2mo, cloth, 3^. 

Tin: Describing the Chief Methods of Mining, 

Dressing and Smelting it abroad ; with Notes upon Arsenic, Bismuth and 
Wolfram. By Arthur G. Charlbton, Mem. American Inst, of 
Mining Engineers. With plates^ 8vo, cloth, I2J. ^. 
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Perspective^ Explained and Illustrated. By G. S. 

Clarke, Capt. R.£. With illustrations^ 8vo, cloth, y, 6d, 

Practical Hydraulics ; a Series of Rules and Tables 

for the use of Engineers, etc., etc. By Thomas Box. Ninth edition, 
numerous plates^ post 8vo, cloth, 5/. 

The Essential Elements of Practical Mechanics; 

based on the Principle of Wbrkj designed for Engineering Students. By 
Oliver Byrne, formerly Professor of Mathematics, College for Civu 
Engineers. Third edition, with 148 wood engravings^ post 8vo, cloth, 
*ls, 6d, 

Contents : 

Chap. I. How Work is Measured by a Unit, both with and without reference to a Unit 
of Time — Chap. 2. The Work of Living Agents, the Influence of Friction, and introduces 
one of die most beautiful Laws of Motion— Chap. 3. The principles expounded in the first and 
second chapters are applied to the Motion of Bodies — Chap. 4. The Transmission of Work by 
simple Machines— Chap. 5. Useful Propositions and Rules. 

Breweries and Mattings : their Arrangement, Con- 
struction, Machinery, and Plant By G. Scamell, F.R.I.B.A. Second 
edition, revised, enlarged, and partly rewritten. By F. CoLYER, M.LC.E., 
M.I.M.E. With 20 plates^ 8vo, cloth, I2j. 6d, 

A Practical Treatise on the Construction of Hori- 
zontal and Vertical Waterwheels^ specially designed for the use of opera- 
tive mechanics. By William Cullen, Millwright and Engineer. With 
II plates. Second edition^ revised and enlarged, small 4to, cloth, I2.r. dd, 

A Practical Treatise on Mill-gearingy Wheels^ Shafts^ 

Riggerst etc; for the use of Engineers. By Thomas Box. Third 
edition, with 1 1 plates. Crown 8vo, cloth, Is, 6d, 

Mining Machinery: a Descriptive Treatise on the 

Machinery, Tools, and other Appliances used in Mining. By G. G. 
Andr£, F.G.S., Assoc. Inst C.E., Mem. of the Society of Engineers. 
Royal 4to, uniform with the Author's Treatise on Coal Mining, con- 
taining 182 plates y accurately drawn to scale, with descriptive text, in 
2 vols., cloth, 3/. I2J. 

Contents : 

Machinery for Prospecting, Excavating, Hauling, and Hoisting— Ventilation — Pumping— 
Treatment of Mineral Products, including Gold and Silver, Copper, Tin, and Lead, Iron 
Coal, Sulphur, China Clay, Brick Earth, etc. 

Tables for Setting out Curves for Railway s^ Canals^ 

Roads, etc, var3ring from a rkdius of five chains to three miles. By A. 
Kennedy and R. W. Hackwood. Illustrated 32mo, cloth, 2j. 6d?. 



PUBLISHED BY E. & F. N. SPON. ii 



Practical Electrical Notes and Definitions for the 

use of Engineering Students and Practical Men. By W. Perren 
Maycock, Assoc. M. Inst. £.£., Instructor in Electrical Engineering at 
the Pitlake Institute, Croydon, together with tljfi Rules and Regulations 
to be observed in Electrical Installation Work. Royal 32mo, cloth. 

The Draughtsman's Handbook of Plan and Map 

Drawing; including instructions for the preparation of Engineering, 
Architectural, and Mechanical Drawings. With numerous illustrations 
in the text, and 33 plates (1$ printed in colours). By G. G. Andre, 
F.G.S., Assoc. Inst. C.E. 4to, cloth, 9^. 

Contents : 

The Drawing Office and its Furnishings— Geometrical Problems — Lines, Dots, and their 
Combinations — Colours, Shading, Lettering, Bordering, and North Points — Scales — Plotting 
—Civil Engineers' and Surveyors' Plans — Map Drawing — Mechanical and Architectural 
Drawing— Copying and Reducing Trigonometricsd Formula, etc., etc 

TheBoHer-maker's andiron Ship-builder's Companion^ 

comprising a series of original and carefully calculated tables, of the 
utmost utility to persons interested in the iron trades. By James Foden, 
author of * Mechanical Tables,* etc. Second edition revised, with illustra- 
tions, crown 8vo, cloth, 5^. 

Rock Blasting: a Practical Treatise on the means 

employed in Blasting Rocks for Industrial Purposes. By G. G. Andr^, 
F.G.S., Assoc. Inst C.E. With 56 illustrations and 12 plates, 8vo, cloth, 
lor. 6dr. 

Experimental Science: Elementary, Practical, and 

Experimental Physics. By Geo. M. Hopkins. Illustrated by 672 
engrarnngs. In one large vol., 8vo, cloth, i8j. 

A Treatise on Ropemaking as practised in public and 

fnivate Rope-yards, with a Description of the Manufacture, Rules, Tables 
of Weights, etc., adapted to the Trade, Shipping, Mining, Railways, 
Builders, etc. By R. Chapman, formerly foreman to Messrs. Huddart 
and Co., Limehouse, and late Master Ropemaker to H.M. Dockyard, 
Deptford. Second edition, i2mo, doth, 3^*. 

Laxtofis Builder^ and Contractors' Tables ; for the 

use of Engineers, Architects, Surveyors, Builders, Land Agents, and 
others. Bricklayer, containing 22 tables, with yearly 30,000 calculations. 
4to, cloth, 5^. 

Laxtoris Builders' and Contractors' Tables. Ex- 
cavator, Earth, LAnd« Water, and Gas, containiiig 53 tables, with nearly 
24,000 calctdations. 4to^ doth, ^s. 
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Egyptian Irrigation. By W. Willcocks, M.I.C.E., 

Indian Public Works Department, Inspector of Irrigation, Egypt. With 
Introduction by Lieut-Col. J. C. Ross, R.E., Inspector-General of 
Irrigation. With numerous lithographs and wood engravings^ royal 8vo, 
cloth, i/. i6j. 

Screw Cutting Tables for Engineers and Machinists^ 

giving the values of the different trains of Wheels required to produce 
Screws of any pitch, calculated by Lord Lindsay, M.P., F.R.S., F.R.A.S., 
etc. Cloth, oblong, 2s, 

Screw Cutting Tables^ for the use of Mechanical 

Engineers, showing the proper arrangement of Wheels for cutting the 
Threads of Screws of any required pitch, with a Table for making the 
Universal Gas-pipe Threads and Taps. By W. A. Martin, Engineer. 
Second edition, oblong, cloth, u., or sewed, dd, 

A Treatise on a Practical Method of Designing Slide- 

Valve Gears by Simple Geometrical Construction^ based upon the principles 
enunciated in Euclid's Elements, and comprising the various forms of 
Plain Slide- Valve and Expansion Gearing ; together with Stephenson's, 
Gooch's, and Allan's Link-Motions, as applied either to reversing or to 
variable expansion combinations. By Edward J. Cowling Welch, 
Memb. Inst. Mechanical Engineers. Crown 8vo, cloth, 6j. 

Cleaning and Scouring : a Manual for Dyers, Laun- 
dresses, and for Domestic Use. By S. Christopher. i8mo, sewed, 6d, 

A Glossary of Terms used in Coal Mining. By 

William Stukeley Gresley, Assoc. Mem. Inst C.E., F.G.S., Member 
of the North of England Institute of Mining Engineers. Illustrated with 
numerous woodcuts and diagrams^ crown 8vo, 'cloth, 5x. 

A Pocket-Book for Boiler Makers and Steam Users, 

comprising a variety of useful information for Employer and Workman, 
Government Inspectors, Board of Trade Surveyors, Engineers in charge 
of Works and Slips, Foremen of Manufactories, and the general Steam- 
using Public. By MAURICE JOHN Sexton. Second edition, royal 
32mo, roan, gilt edges, 5^. 

Electrolysis: a Practical Treatise on Nickeling, 

Coppering, Gilding, Silvering, the Refining of Metals, and the treatment 
of Ores by means of Electricity. By Hippolyte Fontaine, translated 
from the French by J. A. Berly, C.E., Assoc. S.T.E. With engravings, 
Svo, dbth, 9/. 
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Barlow s Tables of Squares, CubeSy Square RooiSy 

Cube RootSf Reciprocals of all Integer Numbers up to 10,000. Post 8vo, 
cloth, 6j. 

A Practical Treatise on the Steam Engine^ con- 
taining Plans and Arrangements of Details for Fixed Steam Engines, 
with Essays on the Principles involved in Design and Construction. By 
Arthur Rigg, Engineer, Member of the Society of Engineers and of 
the Royal Institution of Great Britain. Demy 4to, copiously illustrated 
with woodcuts and (jid plates ^ iii one Volume, half-bound morocco, 2/. 2s, \ 
or cheaper edition, cloth, 25^. 

This work is not, in any sense, an elementary treatise, or history of the steam engine, but 
is intended to describe examples of Fixed Steam Engines witfiout entering into the wide 
domain of locomotive or marine practice. To this end illustrations will be given of the most 
recent arrangements of Horizontal, Vertical, Beam, Pumping, Winding, Portable, Semi- 
portable, Corliss, Allen, Compound, and other similar Engines, by the most eminent Firms in 
Great Britain and America. The laws relating to the action and precautions to be observed 
in the construction of the various details, such as Cylinders, Pistons, Piston-rods, Connecting- 
rods, Cross-heads, Motion-blocks,^ Eccentrics,' Simple, Expansion, Balanced, aud Equilibrium 
Slide-valves, and Valve-gearing wrill be minutely dealt with. In this connection will be found 
articles upon the Velocity of Reciprocating Parts and the Mode of Applying the Indicator, 
Heat and Expansion of Steam Governors, and the like. It is the writer's desire to draw 
illustrations from every possible source, and give only those rules that present practice deems 
correct. 

A Practical Treatise on the Science of Land and 

Engineering Surveyings Levelling^ Estimating Quantities ^ etc, with a 
general description of the several Instruments required for Surveying, 
Levelling, Plotting, etc. By H. S. Merrett. Fourth edition, revised 
by G. W, UsiLL, Assoc. Mem. Inst. C.E. 41 plates, with illustrations 
and tables, royal 8vo, cloth, I2s. 6d. 

Principal Contents : 

Part I. Introduction and the Principles of Geometry. Part 2. Land Survejring; com- 

Arising Genera^ Observations— The Cham— Offsets Surveying by the Chain only — Surveying 
[illy Ground — ^To Survey an Estate or Parish by the Chain only — Surveying with the 
Theodolite — Mining and Town Surveying — Railroad Surveying — Mapping— Division and 
Laying out of Land — Observations on Enclosures — Plane Trigonometry. Part 3. Levelling— 
Simple and Compound Levelling— The Level Book — Parliamentary Plan and Section — 
Levelling with a Theodolite — Gradients— ^Wooden Curves— To Lay out a Railway Curve- 
Setting out Widths. Part 4.^ Calculating Quantities generally for Estimates — Cuttings and 
Embankments — Tunnels — Brickwork — Ironwork— Timber Measuring. Part 5. Description 
and Use of Instruments in Surveying and Plotting — The Improved Dumpy Level— Troughton's 
Level — The Prismatic Compass — Proportional Compass— Box Sextant — Vernier — Panta- 
graph — Merrett's Improved Quadrant— Improved Computation Scale— The Diagonal Scale- 
Straight Edge and Sector. Part 6. Logarithms of Numbers — Logarithmic Sines and 
Co-Sines, Tangents and Co-Tangents — Natural Sines and Co-Sines— Tables for Earthwork, 
for Setting out Curves, and for various Calculations, etc., etc., etc. 

Mechanical Graphics, A Second Course of Me- 
chanical Drawing. With Preface by Prof. Perry, B.Sc., F.R.S. 
Arranged for use in Technical and Science and Art Institutes, Schools 
and Colleges, by George Hallidav, Whitworth Scholar. 8vo, 
cloth, 6^. 
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The Assayers Manual: an Abridged Treatise on 

the Docimastic Examination of Ores and Furnace and other Artificial 
Products. By Bruno Kerl. Translated by W. T. Brannt. With 65 
illustrations^ 8vo, cloth, I2J. dd. 

Dynamo ' Electric Machinery: a Text -Book for 

Students of Electro-Technology. By Silvanus P. Thompson, B.A., 
D.Sc, M.S.T.E. \Neiv edition in the press. 

The Practice of Hand Turning in Woody Ivory ^ Shelly 

etc., with Instructions for Turning such Work in Metal as may be required 
in the Practice of Turning in Wood, Ivory,, etc. ; also an Appendix on 
Ornamental Turning. (A book for beginners.) By Francis Campin.^ 
Thi,i:d editioij^ with wood engravings^ crown 8yo,. cloth,^ 6s^ 

Contexts :: 

On LaL,thcs-"Turning; ToplsraTurning Wood — ^Drillinpt— Sci:ew Cutting-^Miscellaneous 
Appai;atus and Processes-«ftTurnipg Particular Forms — Stamingf— Polishing— Spinning Metals. 
-=Materia)s — Ornamental Turning,, etc. 

Treatise on Watchworky Past and Present. By the 

Rev. H. L. Nelthropp, M.A., F.S.A. With 32 illustrations^ crown 
8vo, cloth, 6j. 6d, 

Contents : 

Definitions of Words and Terms used in Watchwork — Tools — Time— Historical Sum-- 
mary— On Calculations of the Numbers for Wheels and Pinions; their Proportional Sizes, 
Trains, etc. — Of Dial Wheels, or Motion Work — Length of Time of Going without Winding 
up — The Verge — The Horizontal — The Duplex— The Lever — The Chronometers-Repeating 
Watches— Keyless Watches— The Pendulum, or Spiral Spring — Compensation — Jewelling of 
Pivot Holes — Clerkenwell — Fallacies of the Trade — Incapacity of WorkmQ.n— How to Choosy 
and Use a Watch, etc. 

Algebra Sdf-'Tanght. By W. P. Higgs, M.A., 

D.Sc, LL.D., Assoc. Inst C.^., Author of * A Handbook of the Diffei:-. 
ential Cal.culns,' etc. Second edition, crown 8vo, cloth, 2J. 6^. 

Contents : 

Symbols and the Signs of Operation— The Equation and the Unknown Quantity—" 
Positive and Negative Quantities — Multiplication-^lnyolution — Exponents — Negative Expo- 
nents — Ropt;S, and the Use of Exponents as Logarithms — Logarithms — Tables of Logarithms 
and Propprtipnate Parts — Transformatioq of System of Logarithms — Common Uses of 
Common Logarithms — Compound Multiplication and the Binomial Theorem— Division, 
Fractions, and Ratio— Continued Proportionr^The. Series and th"? Spmmation of the Series^^ 
Limit of Series— Square and Cube Roots— Equations-^-List of Fojnnulae, etc. 

Spons^ Dictionary of Engineering, Civil, Mechanical, 

Military, and Naval; with technical terms in French, German, Italian, 
and Spanish, 3100 pp., and nearly 8000 engravings, in super-royal 8vo^ 
in 8 divisions, 5/. &r. Complete in 3 vols., cloth, 5/. 5^. Bound in a 
superior manner, half-morocco, top edge gilt, 3 vols., 6/. \2s. 
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Notes in Mechanical Engineering. Compiled prin- 
cipally for the use of the Students attending the Classes on this subject at 
the City of London College. By Henry Adams, Mem. Inst. M.£. 
Mem. Inst. C.E., Mem. Soc. of Engineers. Crown 8vo, cloth, 21*. dd. 

Canoe and Boat Building: a complete Manual for 

Amateurs, containing plain and comprehensive directions for the con- 
struction of Canoes, Rowing and Sailing Boats, and Hunting Craft. 
By W. P. Stephens. With numerous illustrations and 24 plates of 
Working Drawings. Crown 8vo, cloth, qj. 

Proceedings of the National Conference of Electricians 

Philadelphia^ October 8th to 13th, 1884. i8mo, cloth, y. 

Dynamo - Electricity, its Generation, Application, 

Transmission, Storage, and Measurement. By G. B. Prescott. With 
545 illustrations. 8vo, cloth, \l. \s. 

Domestic Electricity for Amateurs, Translated from 

the French of E. Hospitalier, Editor of **L*Electricien," by C. J. 
Wharton, Assoc. Soc. Tel. Eng. Numerous illustrations. Demy 8vo, 
cloth, 6j. 

Contents: 

X. Production of the Electric Current— 2. Electric Bells— 3. Automatic Alarms — 4. Domestic 
Telephones — 5. Electric Clocks — 6. Electric Lighters— 7. Domestic Electric Lighting— 
8. Domestic Application of the Electric Light— 9. Electric Motors— 10. Electrical Locomo- 
tion — II. Electrotyping, Plating, and Gilding— 12. Electric Recreations— 13. Various appU- 
QSttions — Workshop of the Electrician. 

Wrinkles in Electric Lighting. By Vincent Stephen. 

With illustrations, i8mo, cloth, 2s, 6d. 

Contents : 

I. The Electric Current and its production by Chemical means — a. Production of Electric 
Currents by Mechanical means-^3. Dynamo- Electric Machines — 4. Electric Lamps— 
5. Lead— 6. Ship Lighting. 

Foundations and Foundation Walls for all classes of 

Buildings^ Pile Driving, Building Stones and Bricks, Pier and Wall 
construction. Mortars, Limes, Cements, Concretes, Stuccos, &c. 64 illus^ 
trations. By G. T. Powell and F. Bauman. 8vo, cloth, lor. 6d, 

Manual for Gas Engineering Students. By D. Lee. 

l8mo, cloth \s. 
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Hydraulic Machinery^ Past and Present, A Lecture 

delivered to the London and Suburban Railway Officials' Association. 
By H. Adams, Mem. Inst. C.£. Folding plate, 8vo, sewed, is. 

Twenty Years with the Indicator, By Thomas Pray, 

Jun., C.E., M.E., Member of the American Society of Civil Engineers. 
2 vols., royal 8vo, cloth, \2s, 6d, 

Annual Statistical Report of the Secretary to the 

Members of the Iron and Steel Association on the Home and Foreign Iron 
and Steel Industries in i^&q. Issued June 1890. 8vo, sewed, 5j. 

Bad Drains^ and How to Test tJum ; with Notes on 

the Ventilation of Sewers, Drains, and Sanitary Fittings, and the Origin 
and Transmission of Zymotic Disease. By R. Harris Reeves. Crown 
8vo, cloth, y, 6d. 

Well Sinking, The modern practice of Sinking 

and Boring Wells, with geological considerations and examples of Wells. 
By Ernest Spon, Assoc. Mem. Inst. C.E., Mem. Soc. £ng., and of the 
Franklin Inst., etc. Second edition, revised and enlarged. Crown 8vo, 
cloth, los, 6d, 

The Voltaic Accumulator : an Elementary Treatise. 

By l^MiLE Reynier. Translated by J. A. Berly, Assoc. Inst. E.E. 
With 62 illustrations^ 8vo, cloth, pj. 

List of Tests {Reagents), arranged in alphabetical 

order, according to the names of the originators. Designed especially 
for the convenient reference of Chemists, Pharmacists, and Scientists. 
By Hans M. Wilder. Crown 8vo, cloth, 4J. 6d, 

Ten Years Experience in Works of Intermittent 

Z>07vnward Filtration, By J. Bailey Denton, Mem. Inst. C.E. 
Second edition, with additions. Royal 8vo, sewed, 41. 

A Treatise on the Manufactui-e of Soap and Candles, 

Lubricants and Glycerin. By W. Lant Carpenter, B.A., B.Sc (late 
of Messrs. C. Thomas and Brothers, Bristol). With illustrations. Crown 
8vo, cloth, lor. 6^ 

Land Surveying on tJie Meridian and Perpendicular 

System, By William Penman, C.E. 8vo, cloth, 8j. 6^. 
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Incandescent Wiring Hand-Book. By F. B. Badt, 

late 1st Lieut. Royal Prussian Artillery. With 41 illustrations and 
5 tables, i8mo, cloth, \s, 6d, 

A Pocket-book for Pharmacists^ Medical Prac- 
titioners, Students, etc., etc» (British, Colonial, and American), By 
Thomas Bayley, Assoc. R. Coll. of Science, Consulting Chemist, 
Analyst, and Assayer, Author of a * Pocket-book for Chemists,' *The 
Assay and Analysis of Iron and Steel, Iron Ores, and Fuel,* etc., etc. 
Royal 32mo, boards, gilt edges, 6^. 

The Fireman's Guide ; a Handbook on the Care of 

Boilers. By Teknolog, fdreningen T. I. Stockholm. Translated from 
the third edition, and revised by Karl P. Dahlstrom, M.E. Second 
edition. Fcap. 8vo, cloth, 2s, 

A Treatise on Modern Steam Engines and Boilers y 

including Land Locomotive, and Marine Engines and Boilers, for the 
use of Students. By Frederick Colyer, M. Inst. C.E., Mem. Inst M.E, 
With 2f> plates, 4to, cloth, 12s. 6d, 

Contents : 

z. Introduction — 2. Original Engines— 3. Boilers— 4. Hi^h-Pressure Beam Engines — 5. 
Cornish Beam Engines— 6. Horizontal Engines — 7. Oscillatmg Engines — 8. Vertical High- 
Pressure Engines— 9. Special Engines— 10. Portable Engines— xi. Locomotive Engines— 
13. Marine Engines. 



Steam Engine Management; a Treatise on the 

Working and Management of Steam Boilers. By F. Colyer, M. Inst. 
C.E., Mem. Inst. M.E. i8mo, cloth, 2s, 



A Text-Book of Tanning, embracing the Preparation 

of all kinds of Leather. By Harry R. Proctor, F.C.S., of Low Lights 
Tanneries. With illustrations. Crown 8vo, cloth, lOr. dd. 



Aid Book to Engineering Enterprise. By Ewing 

Matheson, M. Inst. C.E. The Inception of Public Works, Parlia- 
mentary Procedure for Railways, Concessions for Foreign Works, and 
means of Providing Money, the Points which determine Success or 
Failure, Contract and Purchase, Commerce in Coal, Iron, and Steel, &c. 
Second edition, revised and enlarged, 8vo, cloth, 2\s, 
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Pumps, Historically, Theoretically, and Practically 

Considered, By P. R. BjoRLiNG. With 156 illustrations. Crown 8vo, 
cloth, *js, 6d. 

The Marine Transport of Petroleum. A Book for 

the use of Shipowners, Shipbuilders, Underwriters, Merchants, Captains 
and Officers of Petroleum-carrying Vessels. By G. H. Little, Editor 
of the 'Liverpool Journal of Commerce.' Crown 8vo, cloth, lor. 6</. 

Liquid Fuel for Mechanical and Industrial Purposes, 

Compiled by E. A. Brayley Hodgetts. With wood engravings. 
8vo, cloth, *js. 6d. 

Tropical Agriculture: A Treatise on the Culture, 

Preparation, Commerce and Consumption of the principal Products of 
the Vegetable Kingdom. By P. L. SiMMONDS, F.L.S., F.R.C.I. New 
edition, revised and enlarged, 8vo, cloth, 2is. 

Health and Comfort in House Building ; or, Ventila- 
tion with Warm Air by Self-acting Suction Power. With Review of the 
Mode of Calculating the Draught in Hot-air Flues, and with some Actual 
Experiments by J. Drysdale, M.D., and J. W. Hayward, M.D. 
With plates and woodcuts. Third edition, with some New Sections, and 
the whole carefully Revised, 8vo, cloth, 7j. dd. 

Losses in Gold Amalgamation. With Notes on the 

Concentration of Gold and Silver Ores. With six plates. By W. 
McDermott and P. W. Duffield. 8vo, cloth, 5j. 

A Guide for the Electric Testing of Telegraph Cables. 

By Col. V, HosKiCER, Royal Danish Engineers. Third edition, crown 
8vo, cloth, 4r. dd. 

The Hydraulic Gold Miners Manual. By T. S. G. 

KiRKPATRiCK, M.A. Oxon. With 6 plates. Crown 8vo, cloth, 6/. 

Irrigation Manual. By Lieut.-Gen. J. Mullins, 

Royal (late Madras) Engineers, retired ; sometime Chief Engineer for 
Irrigation, Madras, and Fellow of the University of Madras. With 
numerous plates and tables. Published for the Madras Government. Small 
folio, cloth or half-bound calf, 4/. 4J'. 
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The Turkish Bath': Its Design and Construction for 

Public and Commercial Purposes, By R. O. Allsop, Architect. With 
plans and sections, 8vo, cloth, 6j. 

Earthwork Slips and Subsidences upon Public Works : 

Their Causes, Prevention and Reparation. Especially written to assist 
those engaged in the Construction or Maintenance of Railways, Docks, 
Canals, Waterworks, River Banks, Reclamation Embankments, Drainage 
Works, &c., &c. By ToHN Newman, Assoc. Mem. Inst. C.E., Author 
of * Notes on Concrete, &c. Crown 8vo, cloth, p. 6d. 

Gas and Petroleum Engines : A Practical Treatise 

on the Internal Combustion Engine. By Wm. Robinson, M.E., Senior 
Demonstrator and Lecturer on Applied Mechanics, Physics, &c.. City 
and Guilds of London College, Finsbury, Assoc. Mem. Inst. C.E., &c. 
Numerous illustrations, 8vo, cloth, 14J'. 

Waterways and Water Transport in Different Conn- 

tries. With a description of the Panama, Suez, Manchester, Nicaraguan, 
and other Canals. By J. Stephen Jeans, Author of 'England's 
Supremacy,' * Railway Problems,' &c. Numerous illustrations, 8vo, 
cloth, I4j>. 



A Treatise on the Richards Steam-Engine Indicator 

and the Development atid Application of Force in the Steam-Engine, 
By Charles T. Porter. Fourth Edition, revised and enlarged, 8vo, 
cloth, 9J. 

Contents. 



The Nature and Use of the Indicator : 
The several lines on the Diagram. 
Examination of Diagram No. i. 
Of Truth in the Diagram. 
Description of the Richards Indicator. 
Practical Directions for Applying and Taking 

Care of the Indicator. 
Introductory Remarks. 
Units. 
Expansion. 
Directions for ascertaining from the Diagram 

the Power exerted by the Engine. 
To Measure from the Diagram the Quantity 

of Steam Consumed. 
To Measure from the Diagram the Quantity 

of Heat Expended. 
Of the Real Diapnram,and how to Construct it. 
Of the Conversion of Heat into Work in the 

Steam>engine. 
Observations on the several Lines of the 

Diagram. 



Of the Loss attending the Employment of 
Slow-piston Speed, and the Extent to 
which this is Shown by the Indicator. 

Of other Applications of the Indicator. 

Of the use of the Tables of the Properties of 
Steam in Calculating the Duty of Boilers. 

Introductory. 

Of the Pressure on the Crank when the Con- 
necting-rod is conceived to be of Infinite 
Length. 

The Modification of the Acceleration and 
Retardation that is occasioned^ by the 
Angular Vibration of the Connecting-rod. 

Method of representing the actual pressure 
on the crank at every point of its revolu- 
tion. 

The Rotative Effect of the Pressure exerted 
on the Crank. 

The Transmittin|f Parts of an Engine, con- 
sidered as an Equaliser of Motion. 

A Ride on a Buffer*beam (Appendix^ 
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In demy 4to, handsomely bound in cloth, illustrated with 220 full page plates , 

Price 1 5 J. 



ARCHITECTURAL EXAMPLES 

IN BRICK, STONE, WOOD, AND IRON. 

A COMPLETE WOKE ON THE DETAILS AND AKKANGEMENT 
OP BUILDING CONSTRUCTION AND DESIGN. 

By WILLIAM FULLERTON, Architect. 

Containing 220 Plates, with numerous Drawings selected from the Architecture 

of Former and Present Times. 

The Details and Designs are Drawn to Scale^ ^", J", J", and Full size 

being chiefly used. 



The Plates are arranged in Two Parts. The First Part contains 
Details of Work in the four principal Building materials, the following 
being a few of the subjects in this Part : — Various forms of Doors and 
Windows, Wood and Iron Roofs, Half Timber Work, Porches, 
Towers, Spires, Belfries, Flying Buttresses, Groining, Carving, Church 
Fittings, Constructive and Ornamental Iron Work, Classic and Gothic 
Molds and Ornament, Foliation Natural and Conventional, Stained 
Glass, Coloured Decoration, a Section to Scale of the Great Pyramid, 
Grecian and Roman Work, Continental and English Gothic, Pile 
Foundations, Chimney Shafts according to the regulations of the 
London County Council, Board Schools. The Second Part consists 
of Drawings of Plans and Elevations of Buildings, arranged under the 
following heads ; — Workmen's Cottages and Dwellings, Cottage Resi- 
dences and Dwelling Houses, Shops, Factories, Warehouses, Schools, 
Churches and Chapels, Public Buildings, Hotels and Taverns, and 
Buildings of a general character. 

All the Plates are accompanied with particulars of the Work, with 
Explanatory Notes and Dimensions of the various psirts. 



Specinun Pages, reduced from the originals. 
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Crown 8vo, doth, with illustrations, 5j. 



WORKSHOP RECEIPTS, 

FIRST SERIES. 



By ERNEST SPON. 



Bookbinding. 

Bronzes and Bronzing. 

Candles. 

Cement. 

Cleaning. 

Colourwashing. 

Concretes. 

Dipping Acids. 

Drawing Office Details. 

Drying Oils. 

Dynamite. 

Electro - Metallurgy — 
(Cleaning, Dipping, 
Scratch-brushing, Bat- 
teries, Baths, and 
Deposits of every 
description). 

Enamels. 

Engraving on Wood, 
Copper, Gold, Silver, 
Steel, and Stone. 

Etching and Aqua Tint 

Firework Making — 
(Rockets, Stars, Rains, 
Grerbes, Jets, Tour- 
billons, Candles, Fires, 
LanceSjLights, Wheels, 
Fire-balloons, and 
minor Fireworks). 

Fluxes. 

Foundry Mixtures. 



Synopsis of Contents. 

Freezing. 

Fulminates. 

Furniture Creams, Oils, 
Polishes, Lacquers, 
and Pastes. 

Gilding. 

Glass Cutting, Cleaning, 
Frosting, Drilling, 
Darkening, Bending, 
Staining, and Paint- 
ing. 

Glass Making. 

Glues. 

Gold. 

Graining. 

Gums. 

Gun Cotton. 

Gunpowder. 

Horn Working. 

Indiarubber. 

Japans, Japanning, and 
kindred processes. 

Lacquers. 

Lathing. 

Lubricants. 

Marble Working. 

Matches. 

Mortars. 

Nitro-Glycerine. 

Oils. 



Paper. 

Paper Hanging. 

Painting in Oils, in Water 
Colours, as well as 
Fresco, House, Trans- 
parency, Sign, and 
Carriage Painting. 

Photography. 

Plastering. 

Polishes. 

Pottery — (Clays, Bodies, 
Glazes, Colours, Oils, 
Stains, Fluxes, Ena- 
mels, and Lustres). 

Scouring. 

Silvering. 

Soap. 

Solders. 

Tanning. 

Taxidermy, 

Tempering Metals. * 

Treating Horn, Mother- 
o'-Pearl, and like sub- 
stances. 

Varnishes, Manu&cture 
and Use of. 

Veneering. 

Washing. 

Waterproofing. 

Welding. 



Besides Receipts relating to the lesser Technological matters and processes, 
such as the manufacture and use of Stencil Plates, Blacking, Crayons, Paste, 
Putty, Wax, Size, Alloys, Catgut, Tunbridge Ware, Picture Frame and 
Architectural Mouldings, Compos, Cameos, and others too numerous to 
mention. 
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Crown Syo, doth, 485 pages, vith illustrations, }ys. 

WORKSHOP RECEIPTS, 

SECOND SERIES. 



By ROBERT HALDANE. 



Addimetry and AlkaU- 

metry. 
Albumen. 
Alcohol. 
Alkaloids. 
Baking-powders. 
Bitters. 
Bleaching. 
Boiler Incrustations. 
Cements and Lutes. 
Cleansing. 
Confectionery. 
Copying. 



Synopsis of Contents. 

Disinfectants. 

Dyeing, Staining, and 

Colouring. 
Essences. 
Extracts. 
Fireproofing. 
Gelatine, Glue, and Size. 
Glycerine. 
Gut 

Hydrogen peroxide. 
Ink. 
Iodine. 



Iodoform. 

Isinglass. 

Ivory substitutes. 

LeaUier. 

Luminous bodies. 

Magnesia. 

Matches. 

Paper. 

Parchment. 

Perchloric acid. 

Potassium oxalate. 

Preserving. 



Pigrments, Paint, and Painting: embracing the preparation of 
Pigments^ induding alumina lakes, blacks (animal, bone, Frankfort, ivory, 
lamp, sight, soot), blues (antimony, Antwerp, cobalt, cseruleum, Egyptian, 
manganate, Paris, Peligot, Prussian, smalt, ultramarine), browns (bistr^ 
hinau, sepia, sienna, umber, Vaudyke), greens (baryta, Brighton, Brunswick, 
chrome, cobalt, Douglas, emerald, manganese, mitis, mountain, Prussian, 
sap, Schede's, Schweinfurth, titanium, verdigris, zinc), reds (Brazilwood lake, 
carminated lake, carmine, Cassius purple, cobalt pink, cochineal lake, colco* 
thar, Indian rec^ madder lake, red chalk, red leaa, vermilion), whites (alum, 
barjrta, Chinese, lead sulphate, white lead — by American, Dutch, French, 
German, Kremnitz, and Pattinson processes, precautions in making, and 
composition of commercial samples — whiting, "Wilkinson's white, zinc white), 
yellows (chrome, gamboge, Naples, orpiment, realgar, yellow lakes) ; Paint 
(vehicles, testing oils, driers, grinding, storing, applying, priming, drying, 
filling, coats, brushes, surface, water-colours, removmg smell, discoloration ; 
miscellaneous paints — cement paint for carton-pierre, copper paint, gold paint, 
iron paint, lime paints, silicated paints, steatite paint, transparent paints, 
tungsten paints, window paint, zinc paints) ; Painting (general instructions, 
proportions of ingredients, measuring paint work ; carriage painting — priming 
paint, best putty, finishiug colour, cause of cracking, mixing the paints, oils, 
driers, and colours, varnishing, importance of washing vehicles, re- varnishing, 
how to dry paint ; woodwork painting). 
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Crown 8vo, cloth, 480 pages, with 183 illustrations, 5^. 



WORKSHOP RECEIPTS. 



THIRD SERIES. 



By C. G. WARNFORD LOCK. 



XTniform with tlie First and Second Series. 



Synopsis of Coktents. 



Alloys. 


Indium. 


Aluminium. 


Iridium. 


Antimony. 


Iron and Steel. 


Barium. 


Lacquers and Lacquering. 


Beryllium. 


Lanthanum. 


Bismuth. 


Lead. 


Cadmium. 


Lithium. 


Caesium. 


Lubricants. 


Calcium. 


^lagnesium. 


Cerium. 


Manganese. 


Chromium. 


Mercury. 


Cobalt 


Mica. 


Copper. 


Molybdenum. 


Didymium. 


NickeL 


Electrics. 


Niobium. 


Lnamels and Glazes. 


Osmium. 


Erbium. 


Palladium. 


Gallium. 


Platinum. 


Glass. 


Potassium. 


Gold. 


Rhodium. 



Rubidium. 

Ruthenium. 

Selenium. 

Silver. 

Slag. 

Sodium. 

Strontium. 

Tantalum. 

Terbium. 

Thallium. 

Thorium. 

Tm. 

Titanium. 

Tungsten. 

Uranium. 

Vanadium. 

Yttrium. 

Zinc. 

Zirconium. 
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WORKSHOP RECEIPTS, 

FOURTH SERIES, 

DEVOTED MAINLY TO HANDICRAFTS & MECHANICAL SUBJECTS. 
By C. G. WARNFORD LOCK. 

2S0 niostratioxLB, with Complete Index, and a General Index to the 

Four Series, 58. 



Waterproofing — rubber goods, cuprammonium processes, miscellaneous 
preparations. 

Packing and Storing articles of delicate odour or colour, of a deliquescent 
character, liable to ignition, apt to suffer from insects or damp, or easily 
broken. 

Embalming and Preserving anatomical specimens. 

Leather Polishes: 

Cooling Air and Water, producing low temperatures, making ice, cooling 
syrups and solutions, and separating salts from liquors by refrigeration. 

Pumps and Siphons, embracing every useful contrivance for raising and 

supplying water on a moderate scale, and moving corrosive, tenacious, 

and other liquids. 
Desiccating — air- and water-ovens, and other appliances for drying natural 

and artificial products. 
Distilling — water, tinctures, extracts, pharmaceutical preparations, essences, 

perfumes, and alcoholic liquids. 

Emulsifying as required by pharmacists and photographers. 

Evaporating — saline and other solutions, and liquids demanding special 

precautions. 
Filtering — water, and solutions of various kinds. 
Percolating and Macerating. 
Electrotyping. 

Stereotyping by both plaster and paper processes. 
Bookbinding in all its details. 
Straw Plaiting and the fabrication of baskets, matting, etc. 

Musical Instruments — the preservation, tuning, and repair of pianos, 

harmoniums, musical boxes, etc. 
Clock and Watch Mending — adapted for intelligent amateurs. 

Photography — recent development in rapid processes, handy apparatus, 
numerous recipes for sensitizing and developing solutions, and applica- 
tions to modem illustrative purposes. 
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NOW COMPLETE. 

With nearly 1500 illustrations^ in super-royal 8vo, in 5 Divisions, cloth. 
Divisions I to 4, 13J. 6^. each ; Division 5, 17^. td, ; or 2 vols., cloth, £'^ icxf. 

SPONS' ENCYCLOPEDIA 



OPTHB 



INDUSTRIAL ARTS, MANUFACTURES, AND COMMERCIAL 

PRODUCTS. 

Edited by C. G. WARNFORD LOCK, F.L.S. 

Among the more important of the subjects treated of, are the 
following : — 

Photography, 13 pp. 20 

figs. 
Pigments, 9 pp. 6 figs. 
Pottery, 46 pp. 57 figs. 
Printing and Engraving, 

20 pp. 8 figs. 
Rags. 
Resinous and Gummy 

Substances, 75 pp. 16 

figs. 
Rope, 16 pp. 17 figs. 
Salt, 31 pp. 23 figs. 
Silk, o pp. 
Silk Manufactures, 9 pp. 

II figs. 
Skins, 5 pp. 
Small Wares, 4 pp. 
Soap and Glycerine, 39 

pp. 45 figs. 
Spices, 16 pp. 
Sponge, 5 pp. 
Starch, 9 pp. 10 figs. 
Sugar, 155 pp. 134 

figs. 
Sulphur. 
Tannin, 18 pp. 
Tea, 12 pp. 
Timber, 13 pp. 
Varnish, 15 pp. 
Vinegar, 5 pp. 
Wax, 5 pp. 
Wool, 2 pp. 
Woollen Manufactures, 

58 pp. 39 figs. 



Acids, 207 pp. 220 figs. 
Alcohol, 23 pp. 16 figs. 
Alcoholic Liquors, 13 pp. 
Alkalies, 89 pp. 78 ngs. 
Alloys. Alum. 

Asphalt Assaying. 
Beverages, 89 pp. 29 figs. 
Blacks. 

Bleaching Powder, 15 pp. 
Bleaching, 5 1 pp. 48 figs. 
Candles, 18 pp. 9 figs. 
Carbon Bisulphide. 
Cellultnd, 9 pp. 
Cements. Clay. 
Coal-tar Products, 44 pp. 

14 figs. 
Cocoa, 8 pp. 
Coffee, 32 pp. 13 figs. 
Cork, 8 pp. 17 figs. 
Cotton Manufactures, 62 

pp. 57 figs. 
Drugs, 38 pp. 
Dyeing and Calico 

Printing, 28 pp. 9 figs. 
Dyestuffs, 16 pp. 
Electio-Metallurgy, 13 

PP- 
Explosives, 22 pp. 33 ngs. 

Feathers. 

Fibrous Substances, 92 

pp. 79 figs. 
Floor-cloth, 1 6 pp. 21 

figs. 
Food Preservation, 8 pp. 
Fruit, 8 pp. 



Fur, 5 pp. 

Gas, Coal, 8 pp. 

Gems. 

Glass, 45 pp. 77 figs. 

Graphite, 7 pp. 

Hair, 7 pp. 

Hair Manufactures. 

Hats, 26 pp. 26 figs. 

Honey. Hops. 

Horn. 

Ice, 10 pp. 14 figs. 

Indiarubber Manufac- 
tures, 23 pp. 17 figs. 

Ink, 17 pp. 

Ivory. 

Jute Manufactures, 1 1 
pp., II figs. 

Knitted Fabrics — 
Hosiery, 15 pp. 13 figs. 

Lace, 13 pp. 9 figs. 

Leather, 28 pp. 31 figs. 

Linen Manufactures, 16 
pp. 6 figs. 

Manures, 21 pp. 30 figs. 

Matches, 1 7 pp. 38 figs. 

Mordants, 13 pp. 

Narcotics, 47 pp. 

Nuts, 10 pp. 

Oils and Fatty Sub- 
stances, 125 pp. 

Paint. 
* Paper, 26 pp. 23 figs. 

Paraffin, 8 pp. 6 figs. 

Pearl and Coral, 8 pp. 

Perfumes, 10 pp. 
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Abacus, Counters, Speed 
Indicators, and Slide 
Rule. 

Agricultural Implements 
and Machinery. 

Air Compressors. 

Animal Charcoal Ma- 
chinery. 

Antimony. 

Axles and Axle-boxes. 

Bam Machinery. 

Belts and Belting. 

Blasting. Boilers. 

Brakes. 

Brick Machinery. 

Bridges. 

Cages for Mines. 

Calculus, Differential and 
Integral. 

Canals. 

Carpentry. 

Cast Iron. 

Cement, Concrete, 
Limes, and Mortar. 

Chimney Shafts. 

Coal Cleansing ' and 
Washing. 



Coal Mining. 

Coal Cutting Machines. 

Coke Ovens. Copper. 

Docks. Drainage. 

Dredging Machinery. 

Dynamo • Electric and 
Magneto-Electric Ma- 
chines. 

Dynamometers. 

Electrical Engineering, 
Telegraphy, Electric 
Lighting and its prac- 
ticaldetails,Telephones 

Engines, Varieties of. 

Explosives. Fans. 

Founding, Moulding and 
the practical work of 
the Foundry. 

Gas, Manufacture of. 

Hammers, Steam and 
other Power. 

Heat. Horse Power. 

Hydraulics. 

Hydro-geology, 

Indicators. Iron. 

Lifts, Hoists, and Eleva- 
tors. 



Lighthouses, Buoys, and 
Beacons. 

Machine Tools. 

Materials of Construc- 
tion. 

Meters. 

Ores, Machinery and 
Processes employed to 
Dress. 

Piers. 

Pile Driving. 

Pneumatic Transmis- 
sion. 

Pumps, 

Pyrometers. 

Road Locomotives. 

Rock Drills. 

Rolling Stock. 

Sanitary Engineering. 

Shafting. 

SteeL 

Steam Navvy. 

Stone Machinery. 

Tramways. 

•WeU Sinking. 
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In demy 8yo, cloth, 600 pages, and 1420 Illustrations, 6^. 

SPONS' 

MECHANICS' OWN BOOK; 

A MANUAL FOR HANDICRAFTSMEN AND AMATEURS. 



Contents. 

Mechanical Drawing — Casting and Founding in Iron, Brass, Bronze, 
and other Alloys — Forging and Finishing Iron — Sheetmetal Working 
— Soldering, Brazing, and Burning — Carpentry and Joinery, embracing 
descriptions of some 400 Woods, over 200 Illustrations of Tools and 
their uses. Explanations (with Diagrams) of 116 joints and hinges, and 
Details of Construction of Workshop appliances, rough furniture. 
Garden and Yard Erections, and House Building — Cabinet-Making 
and Veneering — Carving and Fretcutting — Upholstery — Painting, 
Graining, and Marbling — Staining Furniture, Woods, Floors, and 
Fittings — Gilding, dead and bright, on various grounds — Polishing 
Marble, Metals, and Wood — ^Varnishing — Mechanical movements, 
illustrating contrivances for transmitting motion — Turning in Wpod 
and Metals — Masonry, embracing Stonework, Brickwork, Terracotta, 
and Concrete — Roofing with Thatch, Tiles, Slates, Felt, Zinc, &c. — 
Glazing with and without putty, and lead glazing — Plastering and 
Whitewashing — Paper-hanging — Gas-fitting — Bell-hanging, ordinary 
and electric Systems — Lighting — Warming — Ventilating — Roads, 
Pavements, and Bridges — Hedges, Ditches, and Drains — Water 
Supply and Sanitation —Hints on House Construction suited to new 
countries. 
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